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THE BRYOPHYTES AND LICHENS OF 
APvCTIC-ALPINE VEGETATION 

By W. WATSON. 

Inthoductiok. 

The account of arctic-alpine vegetation given in Tyfes of British Vegetation 
(18) deals chiefly mth the phanerogamic constituents, though the importance 
of the part played by mosses and lichens is often alluded to. Many of the 
arctic alpine communities are known to have an abundant and diverse crypto- 
gamic flora, and bryophytes often form the chief constituents. In this paper 
the bryophytes and lichens are chiefly dealt with; the higher plants are only 
mentioned where they are necessary to a proper correlation with the results 
of phanerogamic workers. The classification adopted in Types is generally 
followed. W. G. Smith (18, pp. 288-91) gives sound reasons for naming the 
vegetation of the higher mountains of Scotland arctic-alpine rather than 
alpine, and these are borne out by an examination of the cryptogamic species 
found on the Breadalbane and Cairngorm mountains. The climate and the 
consequent vegetation are neither alpine nor arctic but show characters be- 
longing to both zones. In a general way the lichens and bryophytes are similar 
to those found on the Alps at corresponding altitudes corrected for latitude. 
For example, the species found at an altitude of 7000-8000 feet on the rocks 
and rock-debris of the Grimsel Pass are largely the same as those found 
on the higher parts of Ben Lawers (3000-4000 feet), but as in the case of 
flowering-plants some of the ''Highland’’ species of the Scotch mountains 
descend almost to sea-level and some must be considered arctic rather than 
alpine plants. As examples of such arctic species may be mentioned Bryum, 
■arcticum^ Conostomum boreole, Timmia normgica, Anthelia jumtzkaMa, Qhando- 
nanthus setiformis, Gymnomitrium alpinum, Lopliozia kunzeana, L. ohtusa, 
Moerckia blytii, Sphenolobus saxicolus^ Lecidea alpestris, L. arctica, Lecanom 
epibryon, L. tartarea ys^t, frigida and Lopadium {Sporopodium) feoundmnu On 
the other hand, the relative distribution and variability of the species corre- 
spond more to an alpine district than to an arctic one and this correspondence 
to alpine vegetation is more pronounced in the cryptogamic vegetation of the 
higher mountains of England and Wales. 

The arctic-alpine vegetation of the British Isles is best show.n in the 
Highlands of Scotland but it is also displayed in the high mountainous .ranges 
of N. Wales and of the Lake District, The Scotch mountains personally 
explored in detail were Ben Lui (Laoigh), Ben Doran, Ben Chuirm, Meall 
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2 The Bryophytss mid Lichens of Artie- Alpine Vegetation 

Odliar ill the neighbourhood of Tyndriim, and Ben Lawers, Ben Eachan, and 
Meall nan Tarmachaii in the Killin district. During my Scottish investigations 
the weather conditions were very favourable, but the same cannot be said of 
the conditions prevailing during my work on the Welsh, mountains. On the 
Glyders the weather was sometimes kind but only on one or two occasions has 
my work on the summit of Snowdon been carried on whilst the sun was 
smiling. Wind, rain, or mist rendered the conditions unhappy ones to work 
in, and these are the normal conditions in which the plants live. Cader Idris 
and the mountains near Dolgelly also yielded some interesting results, though 
tlieir vegetation, except for the plateaus, corresponds more to that of the 
lower alpine and subalpine zones. The mountains of the Lake District have 
also been visited by me but only a preliminary survey was made. A more 
detailed examination of the Old Man of Coniston was carried out, but as this 
is only 2500 feet high (latitude 53°) the vegetation is chiefly of a subalpine 
character. Dartmoor, although its liighest mountain is little more than 2000 
feet and its latitude under 51°, shows more alpine characters in its vegetation 
than some equally high mountains further north. This is owing to its peculiar 
climate, cold rains and mist being frequent. Still it cannot be considered as 
having an alpine vegetation. 

In regard to the distribution of the hepatics in Scotland, Macvicar con- 
siders that ^Hhe lower limit of altitude does not appear to be appreciably 
affected by latitude on the mainland except to a very limited extent” (11), 
and attaches more importance to the more or less vertical distribution of the 
January isotherms. This is no doubt generally true for hepatics, since humidity 
is usually a more important factor than summer temperature for them, but 
the statement cannot be applied to most of the mosses and lichens and I am 
inclined to think that he minimises the influence of latitude even in regard 
to hepatics. At any rate, in a consideration of the altitudinal limits of the 
cryptogamic vegetation of our islands, due regard must be paid to latitude 
though other factors modify its influence. In the table (p. 22) showing the alti- 
tudinal distribution of bryophytes and lichens the latitude is taken as that of 
Perthshire, and approximate corrections have been made where necessary. 
Many of the plants are so minute that they are liable to be overlooked and their 
distribution in our islands is probably very incompletely known. Eor some 
of these, data have been obtained from their occurrence on the Swiss Alps, and 
their probable altitudinal distribution indicated by commas or interrupted 
lines. In such cases corrections for latitude have been necessary, and of course, 
can be approximate only, since latitude is not the only character to be taken 
into account and correlations are always difficult, especially when one of the 
regions is insular and the other continental The continual presence of snow 
on the Swiss Alps tends to lower the heights corresponding to those of our 
greater latitudes but this tendency is often more than counterbalanced by the 
more intense sunlight and its longer duration. The corresponding heights will 
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also vary according to tlie localities compared. The latitudes of Pontresim 
and Gletsch are not very different but the vegetation at 7000 feet is mor^ 
alpine at the latter place than at the former, largely because of the proximity 
of the Rhone Glacier. 

In comparing the cryptogams of the Swiss x4.1ps with those of our high 
mountains, the absence or rarity of calcicolous plants on the British mountains 
is especially noticeable. There is very little limestone in our alpine regions and, 
though a few calcicolous species occur on the schists, they are never so abundant 
as in some of the calcareous tracts of the Swiss Alps. Most of our alpine soils 
will have a low value^ though l am not aware of any definite estimations. 
Sager (14a) has recently obtained the values of a number of soils in the 
Alps. The soil of a heath similar to a Rhacomitrium heath had a value of 
4-9; another habitat comparable to that of our rock-ledges had a pH of 5%3, 
whilst the soil with Polytrichum sexangulare (snow-patch vegetation) had a 
pH of 5*2. An estimation of the acidity of the soil on which Salix herbacea 
grew gave a value of 6*3, which is higher than that from the Polytrichetum. 
In snow-patch vegetation Salix herbacea and Polytrichum sexangulare may 
occur together and in the following account are placed in the same com- 
munity. There are however some reasons for differentiating between these 
two facies (14) though one must not conclude that a higher pH value is a 
character constantly separating Salicetum herbaceae from Polytrichetum, 

The lists of plants characteristic of different associations chiefly consist of 
bryophytes and lichens, the algae and fungi not having been sufficiently in- 
vestigated, Some of the algae collected on the Scotch mountains in 1913 were 
determined by the late W. West but all of them were species which are found 
at lower altitudes, and the collections were insufficient to afford detailed 
information as to the algal constituents of the various associations. G. S. West 
(25) has a few notes of interest: ''Zygnema ericetorum occurs at all altitudes 
but is seen in greatest abundance on peat-moors’" where it forms /‘extensive 
felt-like masses” : “ altitude has a decided effect upon the algae of a Sphagnum- 
bog,” particularly in regard to the desmids. The dmtom N avicula borealis is 
stated to be a conspicuous feature of the algal associations which occur among 
the mosses of wet rocks at an altitude above 1000 feet. His account of the algae 
of cryoplankton is chiefly concerned with the polar regions and the continental 
ice-fields. Botryococcus braunii {Ineffigiata neglecta) and a number of other 
algae are given by Crampton and Macgregor (5) as occurring in the dubh- 
lochans or peat-holes of Ben Armine, but none of the species listed are limited 
to, or characteristic of, alpine regions* In a recent article (1) on the algae 
of part of the French Alps, AUorge and Denis state: “On pent done 
parler, pour les Algues comme pour les Plantes vasculaires, d’un ‘element’ 
arctico-alpin bien differencie,” and a list is given. Out of the 17 species 

1 Low and higli refer to the negative indices of acidity. The actual acidities are in the 
reverse order. 
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given, 12 occur ill Yorkshire (24) and some of them at fairly low levels. Apart 
from the actual snow-flora (8a) very little definite information as to algae 
which are confined to the arctic-alpine zone, or rare elsewhere, is available. 

The lower arctic-alpine formation and many of the smaller associations or 
consociations (19) are not dealt with here as their bryophytes and lichens 
have not been investigated in detail. Some information as to the cryptogamic 
constituents of a few of the different associations is given by Crampton and 
Macgregor (5). 

Conditions of Growth. 

The conditions under which plants grow in arctic- alpine districts are dealt 
with in various works (2, 15, 18, 20, etc.) but they have been considered 
in regard to phanerogamic plants with root and shoot systems which render 
the problem of existence in arctic-alpine habitats much more difficult for them 
than it is for most cryptogams. The terms xerophyte, mesophyte and hydro- 
phyte are not exactly equivalent in meaning in the two groups. The resistance 
to fatal injury is greater in lower organisms than in more highly specialised 
ones. This is well known in the animal world and Irmischer (9) has given some 
details of the greater endurance of drought and cold by the lower plants. The 
cell is the unit of life and with greater specialisation there is a greater possibility 
of cells vital to the organism being killed; this involves the death of the 
individual though some of its cells may still be alive. The chief specialisation 
in the lovrer plants is in regard to reproductive bodies, and if sexual cells are 
necessary the endurance of the plant may be determined by the endurance of 
these cells. The conditions may not prevent the ordinary vegetative processes 
occurring but may inhibit the reproductive. Water is essential for sexual 
reproduction in mosses and liverworts and a plant may have xerophytic 
vegetative characters though unable to wfithstand prolonged drought during 
its reproductive phase. So many of the lower plants appear to be so little 
dependent on sexual reproduction that this consideration has been treated 
with less respect than it deserves. The rarity or absence of some apparently 
xerophytic plants in some districts may perhaps be explained in this way. 
Rliacomitriwn lanuginosum seems admirably fitted (21) to occur in dry places, 
and certainly it can withstand prolonged drought in certain situations, but in 
some dry alpine districts it appears to be imcommon (23). It is a plant which 
does not often produce capsules, though when it does so they are abundant, 
and the occasional production of capsules may be a necessary factor for the 
continuance of the plant. 

It is then desirable to know how the conditions under which the plants 
live are produced, to consider the relations between these conditions and the 
vegetation, and to study how these conditions may act so as to produce the 
dwarfed phanerogamic vegetation and the abundance of cryptogams so charac- 
teristic of alpine districts; 
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The climatic conditions of our arctic-alpine regions may l3e considered 
directly, but it seems preferable to consider the arctic and the alpine conditions 
separately and then allow for the differences in our regions. Cleneral accounts 
of both arctic and alpine conditions are given by Schiniper (15) and his account 
of alpine conditions, which seem to concern us most, must be carefully con- 
sidered. Owing to the greater latitude of our alps and our insular position the 
influences of the various factors are considerably modified. The climatic 
conditions of alpine regions are largely consequent on the reduced atmospheric 
pressure. Owing to the tenuity of the air the absorption of the rays of the 
sun are reduced, the direct lighting and heating effects are more intense and 
there is a greater difference between sun and shade temperatures in alpine 
regions than in the lowlands. The soil is more strongly heated during sunshine 
and loses more heat, owing to the greater radiation, when sunshine is absent. 

The relative humidity of the air is not necessarily greater or less than in 
the lowlands, but is more variable and more quickly variable, rapidly fluctuating 
between complete saturation and great dryness, any interception of the sun’s 
rays causing a rapid lowering of temperature and raising the relative humidity. 
The condensation of water-vapour and its precipitation as rain are greater 
as the mountain is ascended, at any rate so far as the British mountains are 
concerned. 

The movements of the air are more violent and continuous on the mountain 
than in the plain because the fluctuations of temperature are greater and 
more rapid. 

The intense heating of the soil causes greater evaporation and the soil is 
occasionally very dry. At other times the alpine soil, especially in our islands, 
may be very wet owing to condensation of the water in the air, and this con- 
densation may be copious, since, owing to air-movements, much of it is of 
water evaporated from the surface at lower levels. 

During sunshine the temperature of the air will be lower than that of the 
soil because the latter absorbs heat better than the rarefied atmosphere. The 
conductivity of the soil is not sufficiently greater to neutralize this effect but 
sometimes the heat-energy may be expended in evaporating the water of a 
wet soil. The different levels of a plant 4 feet high will then be living in different 
zones of temperature, which may be very variable. The upper portion of the 
plant is, at times, living in a low temperature zone, whilst the subterranean 
portion may be in a zone with a much higher temperature. At one inoment, 
when the sun’s rays are intercepted, the top of the plant is actually living in 
the low temperature; at the next, it may have the benefit of direct heat from 
the sun. The conditions nearer the soil are more regular, the direct heating 
effects are usually slightly less; For one thing the absorptive power of the air 
is increased by the vapour from the soil and when shading occurs the tempera- 
ture changes are less rapid owing to the heat-radiation from the warmer soil. 
It must also be remembered that the conditions near the surface will be 
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rendered more stal 3 le by evaporation and condensation: during heating some 
of the energy is used for evaporatioUj during cooling some heat-energy will 
be liberated when condensation occurs. Besides, when the soil is wet it becomes 
hot or cold less quickly, owing to the greater specific heat of the contained 
water. It seems then that the less rapid variations in temperature of the 
plant-environment will be belo\¥ but near the surface of the soil, at a level 
which will vary with the conditions, for instance, it will be difierent in soils 
of different textures. This relatively-constant stratum will be at a level where 
the rate of change due to various factors (direct heating, absorption, radiation, 
evaporation, condensation, conduction, etc.) is least rapid. 

The xerophy tic character of alpine phanerogamic vegetation has often 
been attributed to the incapacity of the root-system to absorb water owing 
to the low temperature. A study of the conditions renders this theoretically 
improbable. As the tissues most susceptible to injury by rapid changes are 
the actively-growing ones and as the zone with the most constant temperature 
is near the surface of the soil, it is not surprising that the most abundant 
alpine plants are of a low habit and that bryophytes and lichens contribute 
so largely to alpine vegetation. The active period is so much shortened in alpine 
or arctic regions that the reproductive phase must be of short duration, or, if 
of longer duration, be more resistant. The meristems of the sexual organs 
generally seem to be more resistant to cold than those of vegetative organs 
but many alpine plants depend largely on vegetative methods of reproduction. 
Sexual methods of reproduction are less necessary to the lower kinds of vegeta- 
tion and when they occur do so more rapidly or have greater resistance than 
in the higher plants. The acceleration of the reproductive phase in flowering 
plants is one of the characteristic features of alpine vegetation. Flowering 
and fruiting must be accomphshed quickly or the cold will ruin all, whereas 
in bryophytes and especially in lichens^ the reproductive organs may not 
be ruined. 

Uppee Arctic- Alpine Formations. 

Formation of Mountain Top Detiitns 

Moss4iclien Association. 

On the mountain summits exposed to extreme variations of temperature 
and humidity 2 bryophytes and lichens play an important part, and the com- 
munity is well entitled to be called a moss-lichen association. 

Many of the bryophytes and lichens of the moss-lichen association are 
strictly alpine, but it is surprising to find present in abundance a large number 
of plants which are common at much lower altitudes all over the country. 
As examples of such plants the following may be mentioned: Polytrichum 

^ The sexuality of these plants is a matter of dispute; it may have been lost. 

^ Variations in humidity are more extreme but are sometimes discounted by their more 
temporary character. 
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jpilifemm^ Dicranmh scoparium, Rhacomitrium cfuiescens^ Webern alhicant 
PF. nutans Bryum pseudotriquetrum, BmcJi/ytliecium rutabulum, Hypawn 
eupressiforme, H.mollmcum^ H, schreben, PktgiotJieGium Hylo 

comium splendem^ AUcularia scalaris^ Lophozia ventricosa, L. quinquedentata. 
L. floerkii, Oephalozia bicuspidata^ Gymnocolea inflata, DiplophjUmn albicans^ 
Scapamairrigua.Cetrariaaculeata, Peltigera polydactyla, P.canina^ P, riifescem, 
Gladonia cervicornis, C. cocciferay G. squamosa, G. fureata, 0. fioerkewm 
form trachypoda, G. sylvatica, G, umialis and form adunm, Leddea uUginosa 
L, contigua, L. cmstulata and L. sorediza. 

The members of the association are more or less xerophytic, but it must; 
be noted that some of the plants, common to both the lowlands and the] 
highlands, often show variations in structure from their lowland forms and 
some of these variations indicate that the species is living in a nioister 
• habitat than a typical plant from lowland districts. Woth Polytrichum pili- 
ferum and Rhacomitrium canescens, when growing on a dry heath have their 
hair-points well developed but in forms from the arctic-alpine moss-lichen 
association the hair-points are often less conspicuous and in R. canescens 
be almost absent. A similar variation is met with in this plant at lower altitudes 
when it grows in ditches. In Diplophjllum albicans the central line of hyaline 
cells is often obscure. Owing to their ability to absorb sufficient moisture 
by their whole surfaces some species, e.g. DichodonUmn peUucidum, Bryum 
pseudotriquetrum, Sphenolobus politus (seldom found below 2000 ft.), 
Scapania dentata, 8, undulata, which are usually found in more constantly 
wet situations at lower altitudes, are capable of existing. 

Plagioihecium deMiculatum md Hypnunh schreberi, both of which flourish 
best in damp and somewhat shaded situations where variations in humidity 
are not large, have their xerophytic characters intensified. In H. schreberi 
the leaves are more concave, more obtuse and the margins more incurved 
than in the typical plant, and similar modifications are shown by P. denticu- 
latum which differs so much from the type that the alpine plant is given a 
varietal status as V. 

The purplish covering caused by a terrestrial form of Zygnema erieetorum 
is sometimes very noticeable but is more frequent on peaty heaths at lower 
altitudes. Salix herbacea is sometimes infested with the parasitic fungus, 
Rhytisma salicinum (Ben Doran, 3000 feet), and parasitic fungi (such as 
Ticothecium erraticum) are often present on crustaceous lichens. 

The nomenclature adopted in the following lists is usually that given by 
Dixon (7), Macvicar (12), and A. L. Smith (16). 

The frequency of a plant is indicated as follows: 

d. = dominant; a, ~ abundant; f. = frequeiit; o. = occasional; r. ==rare; 
v.r. == very rare; 1. — local. 
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List, of Moss-Lichen open association. 

On moimtain detritus (stony ground of summits). 

Alpine 01 ' arctic species are indicated by asterisks. 

Mosses. 

Orthotlieeinm riifescens, o. 

^Conostomum boreale, f. 

*Webera ludmgii (moist), o. . 

W. nutans, a. 

W. elongata, o. 

W. albicans (moist), o. 

Oedipodium griffithianum (usii. rock-nooks), o. 
Pterigynandrium filiforme, o. 

.Bryum pseudo triquetrum (moist), o. 
*Eurbynchium cirrosum, r. and 1. 

E, myosuroides, o. 

E. swartzii, o. 

*Bracliytbecium glaciale, r. and i. 

*B. plicatum, r. and 1. 

B. rutabulum, o. 

Plagiotliecium elegans, o. 

*P. muhlenbeckii, 1. 

P. denticulatum, f. 

var. obtusifolium, l.a. 

*Hypnum bamulosum, f 
H. cuiDressiforme, f. 

var. ericetorum, t 
H. callichroum, La. 

*H. bambergeri, o, 

H. moiluscum, i.f. 

*H. procerrimum, 1. and r. 

H. scbreberi, La. 

*H, revolutum, r. 

H. incurvatum, r. 

Hylocomium splcndens, a. 

H. loreum, a. 

H. rugosiim, 1. 

H. squarrosum, o. 

H. triquetrum, 0 . 

*H. pyrenaicum, 1. 


*Gymnomitrium obtusum, o 
corallioides, o. 
concinnatiim, La. 

G. crenulatum, o. 

^’'G. varians, La. 

*G. orassifolium, La. 

*G. adustum, o. 

^''G. alpinum, o. 

*MarsupeUa condensata, La. 
*M. ustulata, o. 

Alicularia seaiaris, a, 

*A. breidleri, Lf. 

Eiicalyx subellipticus, o. 
Plagiocliila asplenioidcs, f. 

var minor, Lf. 
’'‘Pleuroclada albescens, Lf. 
Leptoscyphus taylori, o. 
Lophozia ventricpsa, o. 

*L. aipestris, f. 

L. floerkii, o. 


Liverworts. 

L. quinquedentata, o. 

L. incisa (damp places), o« 
*Sphenolobus politus, o, 
^Ceplialozia ambigua, 1. 

C. bicuspidata, f. 

Cepbaloziella byssacea, L 
Gymnocolea inflata, o. 
form compacta (drier places), o. 
form laxa (moist ground), o. 
*Antbelia julacea, a. 

*A. juratzkana, a. 

Bazzania tricrenata, o. 

B. triangularis, o. 

Dipiopliyllum albicans, a. 

*D, taxifolium, r. 

Ptilidium ciliare, f. 

Scapania irrigua (small form), o. 

S. dentata (moist places), o. 

S. undulata (moist places) o. 


^^‘Polytriciium alpinum, a. 

'^P. sexangulare, La. 

P. piliferum, a. 

P. Juniperiniim, o. 

P. aloides, o. 

P. commune, o. 

Oligotrichum liercynicum, a. 
Andreaea petropliila, a. 

*var, aipestris (rocks), o. 

A. crassinervia (usu. on rock), f. 
alpiiia (moister places), o. 

*A. nivalis (moister places), i. 

Blindia acuta, f. 

"^Bitrichum zonatum, f. 

*var. scabrifolium 
Swartzia montana, f. 

*var. compacta, f. 

Ceratodon purpureus, o. 

Bicranella heteromalia, o. 
var. interrupta, o. 

Biobodontium peilucidum (moist), o. 
*var. fagimontanum (moist), o. 
Bicranum fuscescens, a. 

*var. congestum, 1 

B. scoparium, o. 
var. spadiceiim, o. 

B. starkei (often on rock), o. 

B. falcatum, Lf. 

B. scliisti, Lf. 

*B molle (usu. on ledges), r. 

Bicrano weisia crisp iila, Lf. 
Rliacomitrium languinosum, a. 

R, beterosticlium, o. 

var. graoiiescens, a. 

R. canescens, o. 
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Lichens, 


fjoilema tenax, o. 

*C. ceraniscunij r. and I. 

*Schizoma Hchinodeum, l.a. 
Lej)togium lacerum, o. 

■\^ar. piiiTiiiatnm, o. 

*Plac3^.ntlnum delicatnliim, r, 

Peltidea aphthosa, o. 

Peltigera canina (smali forms), o. 

P. rufescens, o. 

P. poiydactyia, 0. 

*8oiorina crocea. La. 

bispora, r. 

8. spongiosa, r. 

Pannaria brimnea, f. 

*P. bookeri, 1. 

^Parmeliella lepidota, r. 
Sphaeropliorus fragiiis, o, 

8. eorallioides, a. 

form congestus ( drier), a. 
*Aieetoria sarmentosa, r. 

’•'var. emciniiata, r, 

*^A. ocliroieiica, o. 

*A. divergens, r. 

A. bieolor, If. 

^C'etraria biascens, r. 

C. islandica, a. 

*form platyna, o. 

C. crispa, o. 

C, aculeata,, f. 
var alpiiia, o. 
nivalis, r. 

*C. ciicnllata, r. 

*Platysma bepatizon, La. 

*P. fahlimense, o. 

*P. polyscbizum, o. 

Parnielia saxatilis, o. 

*P. pubescens, a. 

*var. reticulata 
*^P. vittata, r. 

*P. alpicola (often on quartz), r. 

P. tristis (iisii, on rock), La. 
^Lecanora epibryon, L 
L. tartarea, f. 

*var. frigida. La. 

*var. gonatodes 
L. subtartarea, o. 

L. polytropa, a. 

*L. upsaliensis, r. 

*L. geminipara, Y.r. 

L. badia (rocks), f. 

Haematomma ventosum (rocks). La. 
*Lccania curvescens, v.r. 

*Pertusai’ia ocnlata. La. 

"^P. bryontha, L 
*P. dactylina, i 
*P. glomerata, 1. 

*P, xantbostoma, L 
^Variceliaria microsticta, 1. and v. 
Gyropbora cyiindrica, a. 

G. poiypb^dla, o. 

*G. erosa (rock), r. 

*G. torrefracta (rock), r. 

Icmadopbila ericetornm, o. 
J3aeomyces rjifus, o. 

B. roseus, o. 

8tereocaul.on evoliitum, a. 

8. eorallioides, f, 

8. denudatum, 1 


*8. alpiniim, f. 

*8. tomentosnm, r. 

, ’^Cerania vermicuiariSj La. 
Cladonia niicialis, a. 
form adiinca, a. 
form tiirgescens, f. 

*0. destricta, Lf. ' 

*C. amaurocraea, r. 

C. pyxidata, o. 

C. degenerans, o. 

var. phyilopliora, La. 

C. gracilescens, 1.1 
0, gracilis. La. 

0. vertieillata, o. 

C. gracilis, f. 

C. cervieornis, a. 

■ var. . snbcervicornis, a. 

C, furcata, a. 

var, x)innata, a. 

C. eris])ata, Lf. 

G. squamosa, o. 

C. coecifera, o. 

C. deforinis, o. 

C. llabciliformis, 0. 

0. floerkeana f. traebypoda, La. 
*C, bell idifi ora,, La. 

C. sylvati(>a, 1 
C. rangiferiiia 
*Gyalecta foveolaris, o. 

*Lecidea rbizobola, r, 

L. coaretata, ,o. 

. va.:r. glebulosa, o. 

, var. elacista, o. 

. , L. granulosa,, o. 

*var. ©sebaroides, La. 

. L. demissa, f. . 

*L, berengeriana, L 
*var. leoan(,>des 
L, uiiginosa, a. 

L. atrofusca (on moss), o. 

■ L, aglaea, o. 

*L. limosa, La. 

arctica, La. 

*L. alpestris, L; and r, 

^L. breadalbcnensis, r. 

L. sublatypea (rock), o. 

*L. nigrogiomerata, v.r. 

*L. dc];>arcula, r. . 

*L. tabiduia, r. \ 

L. eontigua, f. | 

var. flavieunda, f. I 

var. piatycar[)a, f. I 

L. crustulata, f. 

consentiens, r. 

Ij. confluciis, f. 

L, sorediza, o. 

Jj. lapicida, o. 

L. iitbo3)biIa, o. 

L. fuseoatra, o. 

L. koclnana, o. 

L. griseoatra, o. 

L. fuscocinerea, 1. 

L. auric ulata, Lf. 

var diducens 
*L. };)y<!noear{)a, 1. 

*^1. tossoOata, o, 

L, dicksonii, i.f. 

SfcT. - 


' on rocks and stones 
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vemaiis ' 

L. epipliorbia, r. 

L, sauguinaria, o. , 

*¥ar. affiiiis . . 

^Biatorella fossarum, L 
’^Biatoiina cumtilata, 1. 

*B. contristans, La. 

Biiimbia sabulosa 
*^ var. montaiia 
B, sabuletorum, o. 

var. simpiicior, r. 

B. lignaria, o. 

B. melaena, La. 

rhexoblepbara, 1. 

Bacidia fiavovirescem, o. 
*Bbizocarpoii postumiim, r. 
R.geogi«phicum,a. t ^ 

var. atro Virens, o. ) 


B. confervoides, La. \ 

B. oederi, Lf. | 

*Buema badioatra, 1. , 

*var. atrobadia, 1. 
al|)icola, L 
B. m3rriocarpa, o. 

*B. pncbella (rock-nooks) : 
Bermatocarpon liepaticum, o. 
D. iachneum, o. 

B. cinereum, La. 

%ar. cartilagineum, Lf. 
*I)acampia bookeri, La. 
*PolybIastia sendtneri, r. 

/^P, gelatinosa, T. 

P. nigritella,: r. ' 
*^Artliopyrenia bryovspila, r. 
^Porina furvescens; r. 
’^'Tbelopsis melathelia, r. 


' , Rhacomitnum Heath. , 

Tlie moss-liclieii , association is sometimes replaced by a closed association 
in wHch the woolly-fringe mos^, Rhaeomitrium lanuginosum, iB often dominant. 
It often grades into the moss-lichen association and appears to be progressive 
from it. The phanerogams characteristic of the Rhacomitrium carpet are given 
in Types (18) but do not exclude those listed for the moss-lichen association. 
Wheldon gives Empetrum nigrum as abundant on the Rhacomitrium heath 
of Ben-y-Gloe (27) and Ciampton and Macgregor give Salix herbacea and 
Deschampia flexuosa abundant in the Rhacomitrium carpet of Ben Armine 
(5). These three plants are listed for the moss-lichen association only (18). 
A list of cryptogamic constituents of the Rhacomitrium heath, similarly, 
cannot be exclusive of those given for bordering associations. Hepatics are 
absent or rare in this association whereas lichens are abundant, especially 
if retrogression is occurring, in fact Cladonias may become co-dominant with 
Rhacomitrium and Gccasionally the latter becomes the subordinate partner 
on the plateau between Cader Idris and Mynwydd Moel. On some summits 
(e.g. Snowdon and the neighbouring mountains) the Rhacomitrium carpet 
consists chiefly of R. heieTostichum vsbi. gmeUesc^ and approximates more 
to the moss-lichen heath. What may be called a Rhacomitrium heath is some- 
times found at lower levels but the associated species are then different. 
Other associations or sub-associations are described by W. G. Smith (18) and 
by C. B. Crampton and M. Macgregor (5) for situations where peat has 
accumulated. 


Bhacomitrium laniiginosum, d. 

B. canescens var, ericoides, o. 

B. betero>stichum, v. graeilcscens, J.a. 
Bicranum fuscescens, o. 

B. uneinatum, r. 

*Polytrichuin alpinum, o. 

Hypnum schreberi, o. 

H. oupressiforme, o. 

Hylocomium loreum, o. 


H. splendens, o. 
Ptilidium ciliare, o. 
Leptoscyphus taylori, o. 
(dadonia sylvatica, a. 

^ 0. rangiferina, a. 

C. nncialis, a. 
form obtiisata, a. 
form turgescens, a. 

*C. destricta, I. 


^ G. Bylvatim and C. rangiferina are both recorded as abundant, but it is difficult to dis- 
tinguish between our British examples so named. 
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^ 0. cervicomis, o. 

C. gracilis, o. 

U squamosa, o. 

C. furcata, La. 

0, clegeiiemiis, o. 

form pieolepidea, La. 

0. deformis, La. 

^ G. flabeiliformis, o. 

*0. bellidiflora, o. 

Icmadopliila aeruginosa, r. 

Cetraria islandica, La. 

^ Chiefly G. subcervkornls Wain. 


G.- aculeata, o. 

C. erispa, La. 
form siibnigfoscens, o. 

*yar. alpina, o. . 

Aiectoria nigricans, La. 

*A. ochi’oleuca, o. 

Peltigera canina, o. 

*Cerania vermicuJaris, o. 

Lecanora tartarea, o. 

Bilimbia melaena, r. 

Galei’a hypnorum r. 

^ =0. 7nacile)hta r, eorfjuata {A(ih.} Myl. 


Snow-jMtcli Vegetation, 


In some places the snow does not melt until late in the summer and thus 
special factors conditioning the growth of vegetation are introduced; The 
plants occurring in' such habitats are able to withstand a low temperature 
though some heat is able to penetrate the snow, especially if it is pressed into 
a more or less icy mass. Any heat coming from the earth will also be preveiitecl 
from escaping. The heat, whatever its source, will be used chiefly for liquefying 
the snow and any plants under the snow-patch will be at a temperature fiear 
the freezing-point. Such plants will be existing under more constant conditioujs 
than the plants which are not covered by the snow : the temperature will be 
constantly near the freezing-point and there will be a constant supply of 
cold water. Many plants are able to exist under such conditions and sonie can 
even thrive if sufficient light and air are able to enter. The most favourable 
habitat for some liverworts appears to be at the margin of the melting snow. 
Pleuroclada albescens is described in hepatic Horas as having a white appearance, 
the leaves possessing little or no chlorophyll. The description has been taken 
from plants obtained from soil after the snow had melted and these plantis 
were more or less moribund. Just underneath the snow-patch Pleuroclada 
is distinctly green and is in its most active condition. The Anthelias are similar 
in this respect, though they do not lose their chlorophyll so quickly, and may, 
under suitable conditions in regard to water and shade, preserve their chloro- 
phyll long after the melting of the snow. 

The presence of some other bryophytes in snow-patch vegetation may 
depend upon the accumulation of fine silt from the dust deposited on the 
surface of the snow. 


The flowering plant which appears to be the most constant component of 
this vegetation is Salix herbacea. The following have also been recorded: 
CocJilearia micacea^ Saxifraga stellaris, Alchemilla alpina, Galium saxatile^ 
Gnaphalimn supinuni^ Azalea procumbens^ J uncus triglumis^ J. biglm 
and Phleum alpinum (18). 


’*‘Poly trichum scxangularo Ld. 
*?, alpinum o. 

Dicranum starkei o. 

D. schisti o- 

Oligo trichum hei’cynicuni La. 
Khacomitrium fasciculare o. 


*Webera commutata f. 
*W. oueuiiata o. 

W. nutans a. 

*Bryum arcticum o. 

*B. muhlenbockii 
♦Braohythecium plicatum 
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*B. giaeiale o, 

*Moerekia blytii La, 
'‘^Gymnomitrium alpiniini o. 
adustiiin o. 

^Marsupolla us tula ta o. 

concleiisata l.a 
’^Pleuroclada albescens Id. 

* Anthelia. j ulaeea a. 

*A. jnratzkana La. 

Lopbozia ventricosa o. 
Cephalozia bicuspidata o. 


Diplophyllum albicans a. 
Seapania nndulata o. 
Aliciilaria scalaris a. 
Alectoria bicolor, o. 
*Gerania vermiciilaris, 1. a. 
Cetraria islandica, a. 

C. crispa. La. 

C. aculeata 
*var, alpina 
*Solorina bisiiora 
*Lecidea consentiens, La. 


The Marsiipella association of Macvicar(ll, pp. 7-8) may be considered 
as a particular facies of snowdie vegetation in which hepatics, especially those 
belonging to the genus Marsupella, are abundant. It extends further down 
the northern or eastern sides of a mountain than down the southern or western 
and especially Avliere snow remains throughout part of the summer (11, p. 8). 
It is well shown on Ben Lawers. The species characteristic of this consociation 
Marswpella eondensata (Sb), M. tistulata(eb), Gymnomitrium varians (sb)^ 
G. crassifolkim (a), G, achisium, G, corallioides^ G. concmnatum, dUcularia 
scalaris, A, breidleri, Anllielia jwratzkmia, A. julacea, Pleuroclada albescens, 
DiflofJiyllum albicans, D. taxifolium, Lopihozia alpestris, L. ventricosa, 
L, Jioerkii, Ptilidium. ciliare, and Dicranmn fahatum. 

The Anthelia association of W. G. Smith (17) is equivalent to the snow- 
patch vegetation, or to KubeTs Anthelietum mentioned below. Eiibel (14) 
for the Bernina region gives five association of snow hollows (Schneetalchen). 
Tour (Anthelietum, Polytrichetum, Salicetum Jierbaceae and Alchemilletum 
pentaf hylleae) of these occur on siliceous soil and the first three are represented 
in our islands. His fifth association is a Salicetum reticulatae on calcareous 
soil and this is not (or is at most poorly) represented in Scotland. 

On two occasions I have been so fortunate as to find patches of snow still 
lying on the ground in the Highlands in the middle of August. At an altitude 
of over 3400 feet on Ben Lui the most conspicuous bryophyte at the margin 
of the melting snow was Pleuroclada albescens. It often formed almost pure 
masses but w^as sometimes intermixed with Dicranum starkei, D. schisti, 
Oligotrichum hercynicum, Lopliozia ventricosa, Cephalozia bicuspidata, Diph- 
jdiyllum albicans, Sbiid Scapania undulata. On Ben Doran, at an altitude of 
3200 ft. Moerckia hlytii abundant and was actually forming capsules. 
Gymnomitrium aljnnum {Sbho forming capsules), Alicularia scalaris, Poly- 
trichum alpinum, Rhacomitrium fascicular e, Webern nutans and Salix herbacea 
were also present, the Salix being abundant. 


Arctic-Alpine Ghomophyte Fobmation 
The comiminities of the crags and conies are rich in bryopliytes and 
lichens and slight differences in the conditioning factors are reflected in their 
diversity and constitution. The steepness of the surface, the quantity of soil, 
the amount and source of the water-supply, the degree of shade and so on, 
have indicative values to the expert collector as to the species likely to be 
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Exposed Toch-f aces. 

L is attached to the names of Lithophytes living on the surfaces of rocks 
or boulders in the earlier stages of erosion. 


*EiieaIypta commutata (iisii. in nooks, 3900 ft.) 
*var. imberbis 
E. rhabdocarpa 

E. eiliata (usti. on well eroded rock) 
Anoectangium compactinn, f. (rocks often 
a little shaded) 

Zygodon lapponicus (clefts) 

*Conostoiniim boreale (often on groimd but 
not infrequent on rock) 

Bartramia oederi (iisu. on well eroded 
rocks) 

*Webera commutata 
W, nutans (usu. on soil-capped rocks) 
^Plagiobryum demissum 
*Bryum arcticum (3800 ft.) 

B. pseudo triquetrum, o. on moist rocks 
(usu. in wetter situations) 

Mnium orthorrhynchum 
spinosum (shaded) 

M. serratum 

*M. lycopodioides (shady) 

*Myurella julacea 
*M. apicuiata (3250 ft.) 

Pterigynandrium filiforme (3000 ft. ) sometimes 
almost pure with a little B.. lietero- 
stichum, sometimes with Grimmia 
apocarpa var. pumila 
*Pseudoleskea patens 
*P. catenulata 
*P. atrovirens 
*P. striata var. saxicola 
Ortho thecium rufeseens (3800 ft. damp) 
Brachytheeium glareosum (3600 ft., B. Bawers) 
*B. plicatum (sometimes among boulders, 

3000 ft. B. Lawers) 

B. rutabulum 
*B. glaciaie 

*Eurhynehium cirrosum 
E. myosuroides (3000 ft. B. Lawers) 
*Plagiothecium, muhIenbeckii (usu. on ground) 

P. denticulatum var. obtusif olium ( usu . am ong 
boulders) 

P. pulchellum (usu. clefts) 

*Hypnum halleri (3600 ft. B. Lawers) 

*H. revolutum 
*H. proeerrimum 

*H. bambergeri (occ. on rock, usu well-eroded, 
or on detritus, 3900 B.L.) 

H. eupressiforme 
*H. hamulosum 

H. callichroum (often on shady rocks) . 

*H. sulcatum, f. (3900 ft. B. Lawers, but rocks 
are wet or moist) 

*Hylocomium pyrenaieum (often among 
boulders) 

Hypnum undnatum, H. fahatumy H. revolvem, and H. schreberi are also 
found on alpine rocks which are wet, or damp and shaded, or with a distinct 
soil-cap. Hylocomium loreum., H. sflendens, H. triquetrum, H. squarrosum, and 


*Polytrichum alpinum, o. 

Andreaea petrophila, f. 

*var. a-lpestris, L. 
var. acuminata, L. 

*A. alpina, L. 

var. compacta, L. 

A. crassmervia, L. 

A. - rotliii, L. 

* A. nivalis, L. 

Ditrichum flexicaule, o. (3250 ft., B. Eaehan) 
Swartzia montaiia 
Ceratodon purpureus, o. 

^’‘Cynodontium 'wahlenbergii 
C. gracilescens 
*C. virens 

Bichodontium pellucidum, L. (moist) 

*var. fagimontanum, L. 

Bicranella heteromalla, o. 

*Blindia caespiticia: L. (usually in little chinks 
or crevices 3900 ft.) 

B. acuta, L., a. (usually on moist faces, to 

3900 ft.) 

Dicranoweisia crisp ula (c.fr. 2700 ft.) 
^Dicraniim falcatum, L. 

B, sehisti, L. (often in clefts) 

B. fusceseens 
*var. congestum 

B. starkei (often on stony ground) 

B. scoparium 
B. longifolium, L. 

’“B. elongatum, L. 

B. fulveilum, L.. (clefts) 

**‘Campylopus schwarzii, L. 

Eissidens osmundoides (wet 3000 ft.) 

Grimmia apocarpa, L., f. 

^‘‘var. alpicola, L. (wet) 
var. pumila, L. 
var. rivularis (moist boulders) 

G. funalis, L., f. 

G. doniana, L. 

*G, alpestris 
*G. unicoior 
G. conferta, L. 

G. torquata, L 
G. trichopylla, L. 

*G. atrata (wet) 

Bhacomitrium lanuginosum, o. (a. on ledges) 
B. ramulosum (often in almost pure tufts but 
usually below 3200 ft.) 

R. fascicuiare 
R. heterostichum, o, 
var. gracilescens, f. 

Trichostomiim tortuosum (3400 ft.) 

*var. fragilifolium 
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E. umhmtum dim occur in tlie alpine region on rocks but only wlien they are 
shaded or a cap of soil exists. 

Hepatics are rarely present on rocks unless they are wet, or shaded, or 
with a soil-cap, but they are often abundant on rocky ledges and may form 
conspicuous members of that association, obtusumySphemlohus 

saxicolus, Ghafidonanthus setifonnis B,nd Radula lindbergii vsn, gernmna are 
highland hepatics occurring on rocks in the early stages of erosion. Fmllania 
tamansci, owing to its possession of water-sacs (21), is also able to endure a 
similar habitat. The' following hepatics may also occur on exposed rocks, 
though such a habitat is not a usual one for them. They flourish much better 
when the rock is moist or shaded or partly covered with a thin soil-cap. 


*Gymnomitrium conoinnatiim 
*var, intermediiim 
*G. corallioides 
G. crenulatum 
*G. alpinum 
*Marsupella sparsifolia 
Alicularia scalaris 
*Lophozia quadriloba 


L. floerkii (small form) 

Plagioehila asplenioides var. minor 
^Anikelia jnlacea 
*A. juratzkana 
Herberta admica 
Ptilidium ciliare 
Diplophylluni albicans 
*1). taxifolinm 


Many of these plants in this community are smaller or otherwise different 
from the typical plants. A specimen of Lophozia fioerhii from Ben Lawers, 
at an altitude of 3800 feet, had the large underleaves and cilia at the bases 
of the leaf-lobes characteristic of the typical plant but its parts were smaller 
and its leaf-lobes were often two instead of three. 


Lichens are abundant and the rocks and boulders often appear of a yel- 
lowish hue owing to the presence of RMzocarpon geogmphdcum (and the rarer 
Bmllia alpicola), though this feature is not so noticeable as in the Swiss Alps. 
Most of the species listed are present in the earlier stages of erosion. Those 
from to (inclusive), the Steiomyom*, the Cladonias and a 

few others which are indicated otherwise, are not characteristic of rocks in 
their early eroded stages. 


Thermutis velutina (damp), r. 
*Pyrenopsis haematopsis 
*P. homoeopsis 
P. fuscatula 
*P. furfurea (damp), r. 

*Europsis granatina 
E. piiivinata (damp) 

*Scliizoma licliinodeum, If. 
*Pterygiiim pannariellum 
’*‘Psorotichia furfurella, r. 

Ephebe lanata, o. 

E. liispidula 
Collema tenax, o. 

*0. ceraniscum, r. 

C. multifidum 
form marginale 
C. granuHferum 

*Leptodium glebulentum (moist) 
E. rhyparodes (wet rocks), If. 


Peltidea aphtliosa ^ 

Peltigera canina 

P. rufescens > usually on ground 

P. polydactyla j 

*Solorina crocea J 

Sphaerophorus conipressus 
S. corallioides, a. 
form eongcstus, a. 

Cetrariq, isiandica (usii. on ground), a. 
0. aculeata (uau. on ground), a. 

C. odontella 
C, nivalis, l.f. 

*Platysma hepatizon, f. 

*P. fahlunense 
*P* polyscbizum 
Parmelia omphalodes, f. 

’^P. alpicola 
*P. liubescens, a. 

*P, encausta, l.a.. 
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P. conspersa, f. 

var. stenopliylla, La. 
*Sqiiamaria chrysoleiica, r. 

S. gelida, f. 

*®‘PIa<3odiiim elegans, o. 
‘^'Caliopisnia siebenliaariana, r. 
Haematomina veiitosiim, a. 
Lecaiiora picea, r. 

L. badiaj f. 

L. tartarea, a. 

L, subtartarea-j a. 

*L, austera, r. 

L. parelia, a. 

frustulosa 
L. polytropa, a. 

*¥ar. aipigena 
L. intrieata, f. 

*var. leptacina 
^Aspicdlia alpina, r. 

*A. superiuscuia, r. 

*A. leucophyma, r. 

A. ciiierea, o. 

*A. cinereomfeseens 

diamarta (moist), r. 

^A. pelobotrya, r. 

depxessa, o. 

A. gibbosa, o. 

*A. chrysopliana, r. 

’*'Acarospora peliocypha 
^'A. admissa 
A, discreta 
Pertiisaria lactea 
P. dealbata 
P. monogona 
P. ceutbocarpa 
P. concreta 
Umbilicaria pustulata 
*Gyrophora erosa 
*G. torrefracta 
byperborea 
G. cylindrica, a. 

*var. delisei 
*G. arctica 
*G. leiocarpa 
G. proboscoidea 
G. polypbylla 
G. polyrrhiza 
*Stereocaulon alpinum 
S. evoliituin 
Cdadonia pyxidata 
0. cervdcornis 
form stipata, La. 
var. subcervicornis, a. 

0. verticillata 
C. furcata 
C. squamosa 
*C. bellidiflora 
C. imcialis 
C. sylvatica 
C. rangiferina 
Pacodium rupestre (damp) 
Coenogonium obeneiim (damp) 
Lecidea contigua, a. 
var. platycarpa 
var. navieuiida, a. 

L. confluens 
L, dealbatula 


L sorediza 
L. crustulata 
L..cinerascens 
L. albocoenilescens 
’^L. deparcula, r. 

tabidula, r. 

*L. tessellata 
*L. nigroglomerata 
L. sublatypea 
L. plana 
L. goniopbila 
L. lapicida 
L. polycarpa 
L. lithopbila 
L. auriculata 
var. didueens 
L. mesotropoides, r. 

L. subkocluana 
L. kocbiana 
'‘'L. contiguella 
L, leueopbea 
*L. pyenocarpa 
*L. umbonella 
*L. subgyratula 
*L. armeniaea 
L. fiiscoatra 
L. griseoatra 
L. rivulosa, La. 

L. dicksonii. La. 

*L, commaoulans, r. 

L, sanguinaria 
Biatorella simplex, o. 

*Biatorina confusior 
*B. cumulata 
*B. rhypodiza, r. 

*B. contristans 
B. biformigera 
B. Candida 

Bacidia flavovirescens 
*var. alpina, o. 

*Buellia aijncola, r. 

*’'B. deludens, r. 

*B. badioatra, r. 

*var. atrobadia, r. 

B. coliudens 

Khizocarpon obsouratum, o. 
R. geograpbicum, a. 

R. confervoides, a. 

R. oederi, La. 

R. petreum. La. 

*R. plicatilis, r. 

'•‘R. geminatum, r. 

Coriscium viride (usu. ledges) 
Bermatocarpon miniatmn 
var. complicatum (moister) 
B. bepaticum 
Microtbelia exerrans 
Borina cblorotica, o. 
Bolyblastia theleodes 
*B. scotinospora 
B. fuscoargillaeea 
P, intercedens 
Microglaena corrosa 
*var. nericensis 

M. breadalbanensis 
Tbelidium papulare, o. 


W. Watson 
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Rock Sedges, 

Tile biyophy tic constituents are often very varied tlioiigh sometiiiaes pure 
masses of one species occur. Lichens and sphagna are raxe, but foliose liver-' 
worts are generally abundant. 

Mosses. 


Sphagnum acutifolium, r. 

S. moliuscum, o. 

S. quinquefarium, r. 
yPolytrichum aipiuum, o. 

P. piliferum 
P. commune 

Oligotrichum hercynicum 
Andrea petropliila 
*Campyiopus schimperi 
^Bicranum niolle, Li 
B. fuseesceuvs, o. 

B. scoparhim, o. 

B. fulvellum 

Rhacomitrium lanuginosiim, a.— d, 
R. fasciculare 
R. heterostichum 
Griinmia doniana 
Bartramia oederi, o. 

B. ithyphalla, o. 

Webera nutans 
W". elongata 

Bryum pseudo triquetrum, f. (moist) 
Mnium punetatiim (moist), 1.1 
var, eiatum, 11 
’*'M. spinosum, o. 

M. hornum, o. 

M. orthorrhynciium 

Preissia quadrata, o. 

Reboulia hemispherica, LI 
Pellia neesiana, b. 

Alicularia scalaris, LI 
Metzgeria furcata, o. 
’^'Gymnomitrium coneinnatum 
Marsupella emarginata 
Jamesoniella carringtonii, 1.1 
Anastrophyllum donianum 
Lophozia ventricosa, o. 

L. floerkii, o. 

L. quinquedentata, f. 

L. incisa, 1 
*L. iycopodioides 
L. hatelieri 
quadriloba, r. 

*L. obtusa, r. 

* L. heterocolpa, r. 

Anastrepta orcadenais, 1.1 
*SpJienoIobus politus 
*var. medelpadicus r. 

*tSchizoma lichinodeum, r. 

Solorina saceata, o. 

C^etraria islandica, Lf. 
Sphaerophorus corallioides, o. 
(dadonia eervicornis, o. 
var. stipata, i.f. 

*Lecidea rubiformis, r. and L 
L. lurida, o. 

tjoum. of Ecology XTII 


*M. Iycopodioides 
Oedipodium griffithianum, f. 

*MyufeIla julaeea^ o. 

*M. apiculata, r. 

Pterigynandrium filiforme, o. 
Heterocladium squarrosuliim 
*PseudoIeskea atrovirens 
*Eurhynchium cirrosum, Lf. 

E. myosuroides, o. 

E. swartzii, o. 

Plagiothecium pulchellum 
*P. muhlenbeekii 
P. denticulatum 
var. obtusifolium 
P. elegans 
*Hypnum halleri 
H. eupressiforme 
*H. hamulosum 
H. callichroum 
H. moliuscum 
H. sclireberi 
Hylocomium loreura, f. 

H. splendens, o. 

H. triquetrum, o. 

H. squarrosmn, o, 

H. rugosum 

HepatiGs. 

Plagiochila asplenioides, f. 

Leptoscyphus taylori, La. 

Cephalozia bieuspidata (moist), o. 

*C. pleniceps 
Bazzania tricrenata, 1 
B. triangularis 
B. trilobata 

Blepharostoma trichophyllum (moist), o. 
Herberta adunca, f. 

H. hutchinsiae, 1 
Ptilidium eiliare, o. 

IMpIophylliim albicans, a, 

*B. taxifolium, 1. and r. 

Scapania aeqolloba, o. 

*S. nimbosa, r, 

S, irrigua, o. 

*var. alpina, r. 

*S. ornithopodioides, o. 

S. asjjera, o. 

Pleiumia pui’purea, LI 

Lichens. 

L, demissa, o. 

L. decipions, o. 

*L. cupreiformis, r. 

Biatorina Candida, o. 

*Buellia pulchella, 1 '. 

Bermatoearpon lachnoum, o. 

Coriscium viride, o. 
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cJionwphiftes. 

»»«. aae 4 Tie alief a,„«a 

degree of submercrence M The constituents vary with the 

factors, such other 

influence on the vegetation Th t^r ^“ount of shading, have an 

surfaces, (f,) ground and rock wasredTv IIT M 

»PP«.s . 

are" ™?r::s ”: » ■“ ™- ti..- 

Jifnijr Hstr.r 

other hZ^T^Z “ ‘’°®’' *" ‘“‘“"T “ "»<»»• 

S sLmZ 2 IZZ e "■ «• a-««a!«<«« aei 

n . smaimmum are sometimes abundant with it 

/«tt“ £ii:X“Ti°e f 

acidity is le^ss. ' fluent. The water has more movement and its 

stmt!! dominant in places where the water flows over a sub- 

V stratum which IS more or less rocky or stony. They usually form soities. 

( f) aX**^^^**^^ another association on somewhat boggy ground 

low?£! ® P*^^* societies but are usually mixed The fol- 

lowmg p ants occur in such an association in the same boggy spring on Ben 
Laweis at an altitude of over 3000 feet * A cnrrlifnh'n a j ^ * 

Hmnum fnlpnfoiry.. . TT 7 ■ A.rvpana, A, atrovirens, 

cymbifollm a Fi,'’’ f' l>seudotriquelrum, a., Sphagnum 

^., Ftssulens osmundozdes, o., Alicularia scalaris, f., Aneura vin- 
gui, 0 ., Scapama undulata, a., S. dentata, o., and 8. irrigua. ^■ 

-he relationships of these consociations or societies to each other and to 
their environments are not definitely established 

mo^eliZdZTTriT^ «Wef 

following hydrophilous chomophyte associations and include the 

3800 ft., B. Lawers. «ometime.s iu ,.ure patete« (plant 

*P. alphmm is a frequent invader of hydrophiJons communities. 

ronmune, a. 

Swartzia mmiUma (in v^ader). 
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vircm and Hf waMtnbergii often occur on wet and more or less stony ground, with 
Flsni\:Iens adianioides a:nd Mucalyx ohovatus. 

JfichodoHftMm pcUucidimt usually occurs on rocks and sometimes on sandy detritus of springs; 

compacfnm in moist places mth Fellia neesiana and Hyimnm, stellatum, also on wet 
ground witli Aplozia cordi folia and Bryum pseudotriqiietnmi. 
a. on wet faces of rocks. 

Dicrandht >’^quarrosa, a. 

Camp flop Its scMmperi occasionally occurs with Mnium qnmctaium but is rather a rock ledge 
plant. 

Fisside^is osmmidokles usualty on rocks, sometimes with Aplozias in springs 
Grimniia apomrpa v. rivularis (moivSt boulders). 

Anoectmigiim, compacium is an occasional invader; v. pellucidmn occurs in wetter places, usually 
on rocks. 

^Sqdachnum vasculosmn^ in pools, springs and bogs. 

Meeaia tridiodeSf La., (boggy ground) sometimes forms societies but is usually intermixed with 
Bryum psmidotriquetnvm, etc. 

Aidacomnium palustre, t 

*Tayloria Imgulata occurs in boggy places with Thalictrum alpinwm, Bqidsetmn hyemale, liypnim, 
revolvenS:, H. fakatiim, Mnium punctaiiim v. elatum d^xiA Scapania dentata; sometimes on wet 
ground as on Ben Lawers (3000 ft.) with Lopliozia quinquedentata. 

"^Timmia norvegka is occasionally found with PJiilonotis fontana and Hypnum revolvens in moist 
places amongst rocks, but is rather a shade chomophyte. 

Phdonotis fontana often forms pure plant societies, but may be intermixed with Hypna, Scapaniae> 
Brya, Bphaynaf if'/nh, etc. 

P. adpressa (springs). 

P. calcar ea sometimes forms a plant society. 

*lWjem Wmipw (springs). 

IF. efo?zf/ato is occasionally present but is an invader. 

IF. albicans (Ben Lawers, 3900 ft. moist soil); *v. glacialis in pools, and on the sides of pools with 
Phdlonotis foiitana. 

Bry um paUens occurs in grassy and springy places. 

B, pseudotriqitetruM is often present with Philonotis, Hyqyna, Bcajmnias and Aplozias, 

P. fdpLiWi is sometimes present on wet rocks. 

Alnium dnclidioides is a rare moss of pools and boggy places. 

if. punctatum v. elatim a., in springs with Bph&mlobus politus and Hypniim sarmentosum, 

M,. suhlgohosum, 

Gmcljdiim stygimn oocms in wet boggy places as on Ben Lawers (3000 ft.) Hypmim 
falcatunit H, decApiens and Bryxmi pseudotriquetrum, 

^TJmidium pMliberti v. pseudotamarmi in moist places with Poly trichimi alpinum. 
Gylindrothecium concmnum (o) but not characteristic of this association. 

Ortlmtliecium rufescens usually on rocks but occasionally with Seapanias. 

^Hypnum dedpiens in a, wet place on Ben Lawers (3500 ft.) is sometimes almost pure, but at 
other times is mixed with Omclidimn stygiiim, Bryum pseudMriquetru/m aiid H. falcatum, 
H. stellatUMj q, 

H^lycopodioidespof 
H, fiuitans, o. 

H, exannidatuni, a.; y. orthophylhm in a boggy place (3200 ft.) Ben Doran, with DkraneUa 
squarrosa, Polyiridium commune, Hypmmn sannentosmn and Scapama uUgmosa, 

H, vcrnkosivm, o., with Seapanias to 3000 ft. Ben Lui. 

//. revolvens, a. 

II. commutahm, a, 

IL falcalum, a., often with Gmclidium stygium and Bryum pseudotTiqiieiruni. 

II, uncinatum. 

*i/. mode, 
arcticum, 

i/. oc/imce«m (Ben Doran, 3000 ft.). 

II. cuspidatiim. 

II. scorpioides. 

IL stramineum; a. 

IL trifariwm. La. 
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H. mrnic.uio.'iinti, f. to a., sometimes forming loca] societies. 

Bylocomium. splamlens, B. squarroswm, Byjmiim mBluscum.. B. sehrBeri, Thnidhrm yJuUhvHB 
Maconiitrlujii lanitgimsim, Lophozia imisa, etc., are frequent in\-aders durim; times of 
drought. 

Hepatics are abundant and characteristic of these as>sociations. 

Ail cura gnngim is oitmi iwemnt \\itli Sphefiobbiis 2 ^oUfMs. 

PclUa epi'phylla^ o. 

P. '/n'ovm/m, a., and replacing jP. at higher altitudes, 

Mamipdla emargmata usually occurs on moist rocks but sometimes on moist gritty soil. 

J/. a., (society). 

21. 2 )earso?iiy a., especially on dripping edges of rocks and banks forming a society. 

AUcularia scalar is. 

Eucahjx ohovatuSi o. 

^Aplozia sp)}iaerocarpa Y. 7imm. 

^A. cordi/oliaj a., (plant society). 

A. nparm; !: to a. is often small and on rocks. 

* A. a#owr/i.s* V. 6*pAaerocarpo?Hea often occurs on rocks. 

Gymnocolea inflata., o.; form nigricans^ a., in boggy ground with B. trifariwm. 

Lophozia mueUeriis rave except on rocks. 

L. barUriemls, La. with. Sqdiefiolobus poUtus^ etc. 

^L. wcnzeUi^ r. (wet ground). 

*i/, lycoqmclioideSi f. 

*A. hinizeana, r., in marshes, and on stream sides. 

"^Aphenolobus yolitus, a., in springs over 3000 ft. On Ben Doran it is associated with Pdlia nctsiatui, 
Acapa^iia nhliqua, Byjmnai smmmtosimi.Mqihagtium mmidatuw and Baipanthas Jlotowian as^ 
the last a common associate. 

ChiloscypAius polyanlhus Y. fragiUs. 

^B arpanthus jiotoivianus^ l.f., is a common associate of Sphenolobus poUius, 

Ce}}halozia bicusqndaia, a, 

"^Eremonotus niyriocaipus usually occurs on wet rocks. 

/u.r//o/m usually occurs on wet rocks by stream sides. 

Blc’pharostoam trickophyllutfi, 0 . 

Plilidiiim ciUarc, o. 

"^'Anthdia jiilacea v, gracilis on edges of ledges over wliicli water trickles, often with reddish 
Marsupdla aquatica and Ecapania detitaia. 

Ecapania subnlpina on wet ground, especially by streams. 

"^E. crassird is on 'wet rocks. 

E. dcntata and Y. amhiguaf a./m springs and on stones in water. 

E. undidafa, a., in springs and on stones in water. 

E. uliginosa^ a. 

^E. obliqua, l.f.; in a spring at 3000 ft. on Ben Lui associated, with E. idigitiosa, E. andulaia, 
E. dmtata, Eissidens mluuitoidcs, Byp^mm mmicosiini) Bryiun pscudotriqndruiti and Aida- 
co7>mium palustre. 

"^E. pdLiidosa,!'. Bm marshes. 

E. irrigua in springs at 3000 ft. with and E. idigi^iosa* 

Lichens are seldom present, but the following may occur on stones in 
streams, or on wet rocks by stream-sides: '^'Pyrempsis phplUscelkL Bpliebe 
Impidula, E. puhescens^ "^PmroticMa fwrfurella (often witli E. pubescens), 
Collejmdimn Jl'uviatile, Aspicilia lacustris^ Lecidea contigua f. hfidrophila, Ver~ 
Tucaria suhmersa, V.laevata, V.murgacea, V.aetMobfAa, Polgblaslia ihdeodea, *P. 
inmnbrata, Skiurothele clopima, and Dermatooafpon miniatum v, complicakim. 

My thanks are due to Messrs Dixon, Duncan Jones (D. A.), and Knight 
for help in tlie field-work and also in regard to some of the data, for the table 
of altitudinal distribution. I am also indeKte^^ to Mr Tansley for help during 
the preparation of the manusoripL 
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Altitudinal Disteibution OF Bryophytes AND Lichens. 

Tile approximate ranges of some of the bryophytes and lichens which 
occur in the arctic-alpine regions of the British Isles are shown in the following 
tables. The zone of greatest frequency is indicated by a continuous line. 
Extension of the range in the British Isles is shown by dots. Where the dots 
are further apart the plant is uncommon, so far as records indicate, for those 
altitudes. 

The distributions of some plants given in the list are better known on the 
continental Alps. The supposed absence or rarity on our mountains of some 
cryptogamic plants, which are frequent on the Alps, may be due in some cases 
to lack of suitable habitats, but is often due to insufficient data. For such 
plants the probable extensions of their ranges are indicated by commas or 
discontinuous lines, the latter being used when the plants are frequent at 
equivalent altitudes on the Alps. In such cases the data given are approxima- 
tions only since allowances must be made for differences of conditions, etc. 
All the heights are approximately corrected for the latitude of Perthshire by 
means of an empirical formula and graph. 


Feet 0 1000 2000 3000 4000 4400 

Mosses Metres I 305 610 914 1219 1341 

Andrea nivalis 

A. petrophila ^ 

A. crassinervia ^ ^ ' . ■, 

OJigotrichum liercynicum . . . . 

Poly trichum sexangulare 

P. alpinmn . . . . . . . 

P. piliferum . :: ' " 

Ditricluim zonatuni . . . . - - , , , 

Ceratodon purpureus v -/ .. 

Blindia caespiticia . . . 

B. acuta/' . ... .... ....... 

Dicranuiu molle . 

D. scoparium .... : • ^ . . . 

D. fuscescens . 

D. starkei 

Ehacomitrium ramulosum . . .... . . 

E. heterosti chum (and %ws.) . . . . 

R. lanuginosum . . . . ■ 

Trichostomum tortuosiim : . . . 

Oedipodium griffithianum ..... ■ ..... . . 

Conostomum boreale . . ... 

Timmia norvegica 

Philonotis foutana 

Wefoera ludwigii 

W. nutans. ' - ■■ ■ - 

W. commutata . . . ^ 

Bryum arcticum 

B. alpinum . ' 

B. pseudotriquetrum ■ ' 

B. ‘capillare ^ ' * 

B. muhlenbeoldi - 

Mnium serratum . . ^ 

M. homum | • ■ - [ - 

Pseudoleskea atrovirens 

Myurella apiculata 
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Feet 0 

Mosseh Metres 0 

Brachy tiiecium glaciale 
B. plioatum ' 

B, rutabuluin „ 

Ortbothecium riifescens 
Plagiotbeciinn clenticalatmii 
Hypnum halier, i 
H. ciipressiforme 
H. hamiilosuir^ 

H. bambergeri 
H. callichroiim 
H. molluscum 
H. revolutum 
.,H. scbreberi 
Ft. examiulatum 
Eurhynchiuiti cirrosum 
E, myosuroides 
Hylocomium pyrenaicum 
H. splendens 
H. loreum 


1000 

1 

305 


2000 

I 

(>10 


3000 

I 

914... 


4ij 

1 : 


Conocephalum conic am 

Preissia quadrata 

Marchantia polymorpha var. alpestris 

Aneura pinguis 

A. multifida 
Moerckia blytii 

Pellia epiphylla 

P, neesiana 
Marsupella condensata 
M. apiculata 
M. stableri 
M. ustulata 
M. nevicensis 

M. emarginata . . 

M. sullivantii 

M. pearsoni 

M. aquatica 

Gymnomitrium varians 

G, concinnatum 

G. crassifoliiim 

G. obtusum . . 

G, corallioides 

G. creniilatuni • 

G. adustum . . 

G. alpinnm . . 

Alicularia breidleri 

A. scalaris . . . 

Eucalyx subellipticus 
E. obovatus . . 

Aplozia cordifolia 
Anastrophyllum donianum 
Gymnocolea inflata . . . . 

Lophozia alpestris 

L. ventricosa 

L. incisa . . 

L. quinquedentata . . . 

L. lycopodioides 

L. floerkii . . 

L. quadriloba 

L. kunzeana 

Sphenolobus 

S. minutus 

Plagiochila asplonioides 
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Feet 0 

Hia^V'riC'S (coni-.) Metres 0 

Harpaiulms fiotowianus 
(V])ha]ozia bicuspidata 
(Vj)lia]ozieila byssacea 
E ren) ono t u s myriocarpiis 
Hygrobielia laxifolia 
Pleurociada albescens 
Odontoscliisiiia maeoimii 
Cal}^}Ogeia tricliomanis 
Blepbarostoma tricboj^liylhim 
Bazzaiiia trierenata 
B. triangularis 
Antlieiia jiilacea 
A. juratzkana 
Ptilidium ciiiare 
Biplopbyilum albicans 
I), taxifolium 
Scapania subalpina 
S. dentata 
S. imdulata 
8. uliginosa 
S. irrigua 
S, gracilis , ■ 

Ead Ilia lindbergii var. germana 


1000 

r 

2000 

3000 

4000 

1 

305 

bio 

I 

914 

1219 


Lichens 


Oollema ceranivsciiin 
C. tenax , 

G. multilidum 
Leptogium pulvinatiini 
l^eltidea aphtbosa 
Solorina crocea 
S. bispora 
Pel tigerarufeseeiis 
Pannaria. brminea 
S})hacropborus c^oralioides 
Alcctoria nigricans 
A. bicolor 
Ge4:raria islandica 
C. acuieata 


Piatysma nivale 
P. hopatizon 
Parmeiia saxatilis 
P. ]mbeseens 
P. tristis 

Plaeodium elegans 
Lecanora polytropa 
L. intricata 
1 j. badia 
L. atra 
L. tartarea 
L. subtai'tarea 
Haem ato m in a ventos uni 
Aspicilia einerea 
A. gibbosa 
Acarospora discreta 
Biatorella simplex 
Pertusaria oculata 
P. dealbata 
Gyrophora cylindrica 
G. torrefracta 
<5mnia vermiciilaris 

coralloides 

Cladonia js 
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(1 degenerans 
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G. deformis 
G. coccifera 
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L. granulosa 
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L. leucopbea 
L. limosa 
L. alpestris 
L. eontigua 
L. sorediza 
L. albocoerulescens 
L. confluens 
L. cinerascens 
L. lapicida 
L. dicksonii 
Biatorina Candida 
B. cumulata 
B. contristans 
Bilimbia lignaria 
Bacidia fiavovirescens 
Buellia colludens 
B. badioatra 
B. alpicola 

"Rhizocarpon geugraphicum 
R. oederi 
R. confervoides 
R. postumum 
R. obsciiratum 
Lopadium pezizoides 
Arthonia lapidicola 
Lithographa tesserata 
( briscium viride 
Dermatocarpon hepaticura 
B. cinereum 

Thelidium pyrenophoruin 
T. papulare 
Poiyblastia intercedcns 
P. gelatinosa 
P. theleodos 
Microglena corrosa 
Tbeleopsis melathelia 
Porina chlorotica 
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JiUULOGY OF BRITISH BEECHWOO; 
, ’ectal reference to their REGENEI 

PART II, SECTIONS II and IIIi. 


IHE TSEEUH COHSOOIATION 

of tlio * ' * * * 

iBc iicecJi Consocdafcion, of Sere 1 • • • . , . 

'■ ’’ !>».. ^SVe 2'-': ■ ■ ■.' ■ * ’ ' , • , v ^ 

Discussion and rnterpretiition of Results ’ .' * ' ' 

fetiAi MARY OF Sections II and HI 

AnnE^-nix. The Status of Sycamore (due, ; ; 

SECTION 2. 

the reproduction op beech communities 

The passage from the beech assoeies to the beech eonsociatio 
f evelopment within the quasi-organism and the key to the st 

tion. Since this latter is similar in the assoeies and the consoc 
lowing treatment applies to both. The difficulties attendant 
re,,eneration have been dealt with in Part. I, yet natural woe 
rom p beechwoods do occur as cattle tesMed by 

haffitants and woods in all stages of their development may b. 

' Part I appeared in tins Joubital 11 n92.qi « i t>„-. 




Development and Stmcttire of Beeeh Gonim-Mmities 

Prior to a description of Wbodus operandi oi siiccessftil beecli reproduc- 
tion a few preliminary considerations will be dealt with. 

Seed Production. 

Continental authors seem agreed as to the age at which beech first pro- 
duces seed. Klein^j Mathieu^, and Hempel and Wilhelm^ state that seed- 
bearing begins in the 40th-50th year in the open, ''but seldom before the 
60th year and often first in the 80th year in close canopy'’ (Klein). 

From the same sources we find that there is agreement in the main about 
the periodicity of seed production, although there is a considerable latitude 
regarding the duration of the intervals bet’ween seed years. Under favourable 
conditions good mast years occur every 5-8 years (Klein), 5-6 years (Mathieu) 
and 5-8 years (Hempel and Wilhelm) whilst good seed years may be separated 
by longer intervals, e.g. 15-20 (Mathieu) and 9-12 years (Klein, and Hempel 
and Wilhelm). It is pointed out, however, that between the full mast years 
partial crops occur, and that the frequency of production varies with altitude. 
" Full crops are generally more common on the plains and on low hills {coteam) 
than on the mountains: but there the years of absolute lack are not rare 
wdiilst on the mountains partial crops succeed each other almost without 
interruption^.” 

Since 1890, the following full mast years have been recorded in this country. 

1890 General? Elwes and Henry, vol. 1 , p. 14. 

1900 South of England TorheSf Eng, Arh. 8oc. Trans. Ml, 

1906 Sussex Local testimony. 

1907 Bucks Mr Hobart-Hampden. 

1909 Bucks and Sussex Mr Hobsirt-Hampden and Mr Gave in litt. 

1920 N.E. Scotland 

1922 General 

Since 1912 partial crops have occurred in the following years on the 
S.Dowms: 1912, 1915, 1917, 1918, 1919, 1920 For reasons given in Part I 
the offspring of these partial crops disappear so that the successful young 
growdh dates from a full mast year. On the S. Downs successful regeneration 
can be referred to the years 1890, 1900 and 1906. Thus the limitation of 
effective regeneration to the full mast years, separated by intervals of varying 
duration, determines the even-aged character of the young wood. 

We thus see that the production of heavy crops of mast occurs at irregular 
intervals and is not necessarily uniform throughout the beech area at the same 
date. For examplejin 1920 a full mast crop was produced in N.E. Scotland, 
whilst in Sussex the crop was only partial. In 1918 a partial crop in Sussex 
was paralleled by an abundant crop in the Foret de Compiegne and in Kanton 
Schafi'hausen^. This suggests a possible relation to variation in weather in the 
different localities. 

^ In Lorey's Forsiwmemchaft und Ecyrstwirtschaft, 1913, p. 433. 

- Flore foreMiere, 1897, p. 318. 

^ Die Bdume. und Strducher des W aides. Part II, p. 42. 

Jolyet, TraiU de Silviculkire, 1916, p. 128. ^ Bot. Abstracts, 1921, Nos, 773 and 952. 
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Altliotigli mast production may be general over an area, it does not neces- 
sarily follow that all trees of seed-bearing age produce seed. The year 1922 
is recognised as a year of heavy mast production yet (at Easter 192S) on 
th'^ ^Downs seedlings were local. Whilst isolated and marginal trees often 
^^^Wed the ground beneath carpeted with seedlings, this was not invariably 

Further within the associes and consociation the occiUTence of seedlings 
was very local, and \vhilst gaps and rides in the woods generally showed 
seedlings, many were entirely devoid of them and under the general canopy 
of the beech consociation seedlings were recorded as rare. Yet on certain 
steep calcareous slopes and sometimes in damp bottoms seedlings were abun- 
dant. From the observations made no general correlation could be established 
between seed production and soil factors. 

Again trees in the open may bear a good crop of mast whilst trees in close 
canopy bear none, so that the fruitfulness of an isolated tree is no index of 
seed production in a forest. Further even isolated trees vary much in their 
productivity, some bearing mast while adjoining trees shov?none. Sometimes the 
fruitfulness is only apparent and the seeds” produced are only enipty husks. 

No definite information has been obtained regarding the productivity of 
beech and the age of the tree, but practical foresters consider that trees from 
80-120 years of age are best for seeding purposes. 

The causes of the periodicity of mast production are obscure but as already 
mentioned some correlation between mast production and weather is indicated. 
Of the climatic factors data regarding rainfall are available for a period of 
years, and the following comparisons with the average may be correlated with 
mast production^ . 

Table showing percentage excess or deficit of rainfall above or below the 
average for West Sussex in each of the years 1887 to 1922. The years printed 
in ‘heavy type are those of heavy fertile mast production. 

Average anniml rainfall (W. Sussex) ==35-88 ins. (1887-1922). 



Per cent. 


Per cent. 


Per cent. 

1887 

-20-45 

lvS99 

-12-62 

nni 

+ 5-88 

1888 

+ 6-63 

1900 

+ 5-52 ■ 

1912 

+ 22*41 

1889 

■ - 6-8.5 

1901 

- 14-55 

1913 

+ 5-91 

1890 

-13-04 

1902 

- 9-70 

1914 

+ 14-27 

1891 

. + 24-77 

1903 

'. + 34-52' 

1915 

+ 30-21 

1892 

,■■-18-25 , 

1904 

- 2-20 :" . 

1916 

+ 6-6{,) 

1893 

- 22-60 

1905 

~ 18-25 

1917 

- 7-08 

1894 

+ 1 / -9 / 

1906 

+ 10-98 

1918 

- 4-93 

1895 

- 3-150 

1907 

+ 1*03 

191.9 

+ 9-53 

1899 

- M2 

1908 

- 7-97 

1920 

+ 4-18 

1897 

- 1-37 

1909 

+ 15-58 

1921 

- 43-30 

1898 

-20-73 

!910 

+ 7-47 

1922 

+ 3-07 


The above data show that a mast year has been invariably preceded by 
a year with a rainfall less than the average although the converse isTiot true. 
The failure to produce fertile mast in every year following one of deficient 

1 In West Sussex centinuoiis records from 1887 to 1922 arc; available from (Iiilgrove ami 
Compton and, with th(‘ ex(!eption of data for one year, from West Dean, 
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rainfall may be due to some other factor such as late spring frosts. Whether 
the low rainfair or the frequently accompanying large number of hours of 
sunshine or some other related factor is responsible for inducing flower and 
fruit production has not been determined, but the above data suggest some 
direct or indirect connection between rainfall and the productivity of mast. 
In connection wdth the above Mr Tansley suggests that the ability of the beech 
to produce ripe mast may decrease wdth the westward occurrence of this tree 
and this may act as a factor in retarding the rate of the natural migration of 
beech in an oceanic climate. No data by which this suggestion might be 
tested appear to be available. 

Fruit Dispersal. 


Beech is a heavy seeded tree whose fruit has no special means of securing 
dispersal. Smaller and less heavy than the acorn and hazehnut, it yet does 
not appear to travel so far— if the occurrence of young beech outside the wood 
can be relied upon to give a true measure of seed dispersal. Since, however, 
young oaks have a much better recuperative power than beech, the latter would 
be considerably handicapped compared with the former in colonising grazed 
areas and too much reliance cannot be placed on this observation as giving a 
true index of their relative capacities to migrate. Nothing is more striking 
than the local frequency of young oaks colonising the grassland adjoining 
the beech associes and the comparative infrequency of the beech. The acorn, 
however, is known to be carried long distances by birds, and owing to its size 
the carriers would have to alight in order to eat it. Unconsumed portions 
(sufficient to produce a seedling) may be left behind. Again the acorn is round 
in section and may be more liable to slip from its carrier’s beak. But whatever 
the reason it is certain that seedling oaks appear at long distances from, the 
nearest parent trees. Compared with the acorn the beech nut is smaller and 
tetrahedral in outline, and by wood pigeons at least the nut is consumed 
whole, obviating the necessity of alighting on the ground. Among quadrupeds 
the animals most likely to act as agents of dispersal are squirrels, mice and 
rats. Squirrels bury nuts where they find them and the forgotten nut may 
germinate and a young plant become established. Mice store beech nuts but 
are not likely to carry them long distances. Young beech at a distance of 
100 yards or more from the nearest parents do occur, but nothing definite is 
to the agent of dispersal, although in all probability birds are 

''‘•^Beech mast has no adaptation for wind dispersal, yet the migration of 
beech^ in bulk seems to depend largely on the ability of the wind to carry 
the seM' lu the case of isolated trees and trees occurring as marginal con- 
stituents ^ narrow shelter bdts where the velocity of the wind is little inter- 
fered with,^eech mast after a hurricane was found 35 yards from the vertical 
projection o:Whe crown of a .70 ft. tall beech, while empty pericarps were 


known as 
N^sponsible 
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found 11 yards further on. Seeds carried this distance, however, had an 
average weight of only '198 gin. whilst the weight of a normal freshly collected 
nut is on the average 'SS-'lC gm. In answer to a cjuestion on this point Mr 
A, C. Forbes writes: ‘M'he seedling growing furthest from the parent trees is 
at 4-0 yards, measuring from the branch spread of the nearest tree, and to 
the east of it. Seedlings are quite numerous for a space of 20 yards from 
parent trees but become scarcer after that space Of course I have no witness 
to show whether the seedlings are from wind blown seed or from that carried 
by birds, mice, rats, etc., but the presumption is that they were carried by 
wind'*’ (in litt, 1921). The seedlings referred to occurred on land previously 
under, cultivation and surrounded on three sides by beech trees 80 ft. high. 
In a later communication Mr Forbes writes: /d came across two seedlings 
germinating last spring about 300’ yards from the nearest tree. How these 
were carried I could not ascertain but possibly by pigeons” (in litt. Nov. 1923). 
Generally seed may not be carried so far and local opinion on the Downs puts 
the general maximum distance of wind transported seed at about 20 yards. 

While the above is applicable to isolated and marginal trees it does not 
seem to hold good of a closed canopy, where the efficacy of the wind is reduced. 




A 

■ I 
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Fig. 1. B,eproduotion Circle of Beech. Gap in beech associes (sere 2) showing young asli in the 
centre and peripheral zone of young beech. Young beech dates from 19(h>. (For Hyml)o]s 
Fig. 2, p. 32.) 

Thus if a gap is made in a wood by the fall of a tree few seedlings are found 
much beyond the vertical projection of the crowns of the trees bordering the 
gap Under these circumstances, that is to say, mast falls almost vertically 
downwards and little falls outside the area covered by the crown. Thus the 
tral portion of the gap is not provided with seed, if the break in the canopy 
aore than about 6 ft. in diameter. Departures from this occur and the distri- 
tion of nuts within the gap will depend upon the effect of the wind and its 


32 BevelojmieM mid StnictMre of Beech Comm 

direction wlieii tie nut is ripe. Thus on west-facing and exposed slopes a 
gap would tend to be more evenly seeded than one formed in a wood 
sheltered from the S.W. winds and the reverse would happen if the time of 
ripening coincided with wdnds from the N.E. Nevertheless, in woods on 
plateaux the zone of maximum seeding does not extend beyond the vertical 
projection of the crowui {v. Figs, 1 and 2). 



Pio. 2. >Semi-diagrammatic section of Pig. 1 showing the taller ash in the centre with beech 
pei'ipheral and suppressed beech and ash under canopy. 

The Establishment OF EnaENERATiNG Beech. 

The fate of the nut has already been discussed^ and evidence adduced to 
show that the crop of a poor mast year may be almost entirely consumed 
by animals, but that during a good mast year a sufficient quantity is left to 
stock the ground adequately with seedlings. 

The study of the relation of beech seedlings to animals gives conclusions 
similar to those obtained for nuts, viz. : that when seedlings are abundant 
a large number escape the attentions of animals, vertebrate and invertebrate, 
or are only affected to an extent insufficient to cause serious crippling or death. 
Hence the seedlings that come up after a partial crop are heavily handicapped 
and in time disappear. Apart from those agents which directly reduce the 
assimilative surface particular reference has been made to those leaf«sucking 
1 Part I, this Journal, 11, 1923, p. 2. 
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insects wliicli reduce tlie seedling’s capacity to bear shade. Cons6q_iiently, 
under the prevailing conditions seedling beech demands a quantity of light 
in excess of the minimum necessary for survival when inhibiting factors are 
not present. Thus young beech cannot form an undergrowth under a beech 
canopy permitting the dominance of Oxalis acetosella oi Rubus Jr uticostis {^gg.), 
where attacked, seedlings die or are severely crippled by shade. In this way 
normal growth of regenerating beech is to be found almost entirely in gaps. 
During 1921 it was practically impossible to obtain a living seedling under 
a canopy permitting the dominance of Oxalis, yet a few were to be found in 
the gaps. From the environs of a gap, therefore, seedlings disappear and only 
those present at the periphery of the gap itself survive and grow normally— 
the immobility of the seed preventing normal seeding of the centre of the gap. 
Thus there grows up a circle of young beech enclosing a central area for the 
most part devoid of beech (u. Figs. 1 and 2). 

The movst successful examples of beech regeneration were observed in the 
beech associes, although the primordia of such were found in the Oxalis and 
Ruhus stages of the consociation (sere 2)^. In order to understand the modus 
operandi of beech regeneration it will be necessary to study these gaps more in 
detail. In the first place attention may be called to the great variation in their 
floras. The following Msts {v. pp. 33 and 34) are representative of the plants 
found in gaps formed during the Oxalis and Ruhus stages of consociation — 
sere 2 and in the beechwood associes. 

Flora of Gaps formed in the Beech Associes {sere 2) and during the Oxalis and 
Bvdous, stages of Consociation {sere 2). 



Beech 

Consociation (sere 2) 


Associes 

^ 

, ' '"A 

Woodf/ Plan ts. 

(sere 2) 

Omlis stage 

Puhns stage 

Acer pseudoplatan us 

r.— d. 


— 

Betula alba 

r.— d. 

— 

— 

Cornus sanguinea 

o. — f. 

r. — 0 . 

r. 

Corylus avellana 

r.™ Lf. 

■ r. — o. 

If. 

Crataegus monogyna 

o. 

— 

— 

Euonymus europaeus 

r. — o. 

: — 

— 

Fagus silvatiea 

o. — d. 

r. — f. 

0.— If. 

Fraxinus excelsior 

o.—d. 

o. — a. 

0. f 

Hypericum androsaemum 

— ■ 


v.r. 

Ilex aquifolium 

r. — ^^0. 

r. 

0. 

Ligustrum vulgare 


If. 

— ■ 

Lonicera periclymenum 

0 . — la. 

■ ; r. 

r.— f. 

Quercus robur 

r. — 0. 

r. 

— .. 

Rosa arvensis 

0 .— La. 

— , 

r.— If. 

Rubus caesius 

r 


■ ■ . . 

R. fruti cosus ( agg. ) 

f.-^a. 

o.—d. 

0.— (1 

Rusciis aculeatus 

v.r. 



Salix caprea 

0, — — d. 


— 

Sambuciis nigra 

r. — la. 


■■■■■ r.- ■■ 

Sorbus aria 

■ r. ■; 


~ 

Tamus communis 

r. 

■ '■r. ■ 

, 


^ Compare tlic diagram on p. 44 which stimmarises the changes taking place in the sub- 
sidiary vegetation in the four different seres in the course of the Ufo-history of the wood. These 
are described in detail in Section III. 
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Flora Gafsforrmd in the Beech Associes {sere and during Oxalis and 
Eubiis stages of Consociation {sere 2) (continued). 



Beech 

Consociation (sere 2) 


Associes 
(sere 2) 



Woody Planfs 

r 

Omlis stage 

R'uhus stage 

Ta,xiLS haccata 

0. 

■■ — 

. — ' : 

Allairnum opuliis 


— ■ _ , 

r.~~Ll 

: Herbs. ' , . 

Agrostis tenuis 

r.— 0 . 

■ ■■ . ' — . 



Ajiiga reptans 

i.a. 

La. 

0. 

Arctium minus 

0. 

— 


Arum maculatum 

.... — 

— - ' 

0. — ^i.l 

Asperuia odorata 


0, 

1 — a. 

Athyrium filix-foemina 

— 

— 

0.— LI 

Bracliypodium sylvaticiim 

o.— La. 

0. 

0. 

Bromiis asper 

— 

— . ’ 

r.~— 0 . 

C'arex sylvatica 

r. — 0 , 

0. 

r.—o. 

(Arcaea lutetiaiia 

■ t A'.-: 

l~a. 

0.— 1.1 

Dactyiis glomerata 

r. 

— , 

' ■ — ' 

Deacliampsia eaespitosa 

1.1 

0.—1.1 

0. 

0. — 1 

Dryopteris filix-mas 

0. — Ld. 

0. 

Epilobium angustifolium 

E. moiitaniim 

0. — 1 

o.-^Ll 


0. 

r.— 0 . 

Eii]thorbia amygdaloides 

0. 

0. 

0. 

Eestuea gigantea. 


r. ■ , . : 

, — 

Fragaria vesca 

l—I.a. 

r- 

' — ■ 

(ialiuin aparine 

0. 

■ — ' 


(i cranium robertianum 

o.—Ll 

0. — 1 

0.-— 1 

Oeum urbaniim 

0. 

. ■ — . 

— 

Hedera helix 

0 . — a. 

: 0.,.' 

0.— 1 

Hyperknim hirsutiim 

r. — o. 


■ 

Luzuia piiosa 

— ^ 

r. 

r. — 0 . 

Melica uni flora 

r. 

r. — 0 . 

0, 

MercuriaUs |>erenni8 

0.— d. 

— ■ 

— ; 

Milium effusum 

— ■■ 

l.l— La. 

0. 

Monotropa hypopitys 

■ . — 

■ ■ — 

r. ' 

Nepeta hederacea 

1.1 

' , — 

■ — ' 

( )xalis acetosella 

1 — a. 

1— d. 

' a. ' ' 

Primula vulgaris 

r. — o. 

r. 

■ — . ■ 

Ptcridi urn aquilinum 

0. — I.d. 

r.— Ld. 

0.1. 

Kanunculus aiiricomus 

— 

r. 

— ■ 

KSanieula ouropaea 

— ■ 

r. 

— , 

Urtica dioica 

r. — 0 , 

— 

— 

A^eronica cham aedrys 

0 . — La. 

r. 

r. 

A^. montana 

■ — ' 

. — 

r. 

A^. officinalis 

r. — o. 

: — 

, . . __ ■ 

A'lcia sepium 

— 

, ' . — , 

0. 

Anola sylvatica (agg.) 

0 . — a. 

o. — a. 

1 — a. 

- Mosses. 

Brachytheeiinn piirum 

r. 

^ ■ 


B. rutahulum 

0. 

La. 

■ 

( 'atbarinea undiilata 

0.-— 'La. 

o. 

r. — 0. 
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r. 


E. praelongum 

0. — La. 

o.— 1 

o. — La. 

E. striatum 

0 . — La. 

0, — 

1 

Eissidens taxifolius 

r."-o. 

o,~Ll 

0. 

Hylocomium lorciim 

0. — ^1.1 

o.~~Ll 

— 

H. triquetrum 

,r. — ^l.a. 

o.— LI 

0 . — a. 

PI y pn urn c u pressif orm e 

r.— 6. 

1.1 

0. 

Tsothecium myurum 

0. 

— 

— . 

Mnium Iiornum, 

r.*— La. 

r- 


M. undulatum 

r.— 11 

T. 

r. 

Poly trichum formostim 





Porotrichum alopecurum 

1.1 

— 


Thuidium tamariseinum 

0. — id. 

0.— 1 

o, — La- 
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As between different gaps formed in the associes or in one and the same 
stage of the consociation, there is considerable variation both in the frequency 
and degree of luxuriance of certain species. The following lists will convey 
some idea of the variations met with in gaps formed during the Oxalis stage. 

Average diameter of gap 3 ft. Oft. 14 ft. 15 ft. 17-5 ft. 

Fraxinus excelsior — n. (I ft.) o. (3 ft.) o.— f. (1 ft, 9 ins.) o. (10-12 it.) 

Cornus sanguinea — — — — r 

Rubiis fruticosus (agg.) o. (6-9 ins.) o. (1 ft.) J.d. (3 ft.) f. (2 ft.) 1.1 (1-1| ft.) 
Ajnga reptans — ■ — I. __ — 

Circaea iutetiana — o. 1.1 — l.d. 

Dryopteris fiiix-mas ~ — — — o. 

Einlobium montanum — — o. — o. 

Euphorbia amygdaloides — • — — r. 

Fragaria vesea — . — 1 — — 

Geranium robertianmn — 1 1 — o. 

Hedera helix — . , . ^ — , — • , , n : : A_ 

Milium elf usum — — 1.1 — 1.1 

Oxalis acetosella d. d. 1 1 1 

Pteridium aquilimim — ■ — — — o- 

The above diversity may be referred, to several causes which will be dealt 
with seriatim. 

1. The nuinber and kind of species initially present will depend upon the 
stage reached by the wood when the gap is formed. Thus in the consociation 
the number of species initially jjresent will be greater if the gap is formed 
during the Rubus stage than if formed during the preceding stage. Or if, by 
reason of the dominance of Rubus or Ilex^ other species are excluded, then 
the degree of luxuriance of such plants will be greater. In other words, the 
flora of the gap when first formed partakes of the character of the general 
flora of the stage reached in the development of the associes or in the life- 
history of the consociation. 

2. The supply of light admitted will depend partly on the height of the 
adjoining trees, partly on the density of the prevailing canopy and partly 
on the size of the gap. Upon this factor, assuming no other to be limiting, will 
depend not only the presence or absence of certain species but also the degree 
of luxuriance they attain, or in the case of woody perennials their rate of 
growth. 

In the case of the Oxalis and Rubus stages of the consociation we are dealing 
with a canopy of uniform density (within the stage) and with trees of similar 
height. Hence variation in the gap flora will depend inter alia upon the size 
of the gap. The first three columns in the above list, obtained from gaps in 
the Oxalis stage, illustrate this point, increase in size of the gap giving a larger 
number of species. The same will also apply to the Rubus stage. A limit to 
this proportional variation will be set when the gap is large enough to allow 
the entrance of direct sunlight for a sufficiently long time to permit of the 
establishment of heliophilous plants. 

The above will also apply to gaps formed in the beech associes, but the 
other factors governing light supply vary considerably. In the first place we 
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find a marked variation in the density of the canopy according to the pro- 
portions of the dominant trees— ash, oak and beech — present, and secondly 
the cro\¥n density of beech varies according to the competition experienced 
during growth. In the early stages of development of the associes, the pioneer 
beeches cast a heavy shade, whilst in the later stages, the trees approximate 
in form and crown density to those grown in the consociation, and permit 
the growth of a varied ground flora. Thus the initial flora of a gap will vary 
according to the stage in development reached by the associes. 

3. The above, however, does not offer a full explanation of the variation 
in the floras listed, for the number of species does not bear a fixed relation to 
the size of the gap. Species migrate with varying degrees of facility and an 
increase in the length of time during which the ground has been exposed will 
have an important bearing on the constitution of the gap floras. Thus the 
recently formed gaps will have fewer species present than those formed some 
years earlier. Again, in the beech associes, where the flora is more diverse, 
colonisation of the exposed area will be more rapid owing to the proximity 
of a greater variety of species and the same factor operates in retarding colonisa- 
tion of a gap formed in the centre of a wood in the Oxalis stage. Thus colonisa- 
tion by woody plants such as ash will be facilitated in the associes gap as 
compared with the Oxalis gap of the consociation owing to the presence of a 
relatively larger number of ash trees within the associes, for, as we shall see 
in Section III, the ash is almost eliminated from the consociation (sere 2) 
by the time the Oxalis stage is reached. A similar reason may be given in 
explanation of the absence of birch and the relative infrequency of oak. 
Further, initial dominance within the gap may be attained by a species because 
of its early arrival, and thus, compared with the mobile species, heavy-seeded 
species are placed at an initial disadvantage. The list of species compiled 
from the associes gaps bears this out, for very frequently the central portion 
of the gap is occupied by a dense growth of ash, birch, and occasionally 
sycamore, also Salix caprea and Smnhucus nigra, forming an opener canopy. 
Oak, hazel, hawthorn and dogwood also occur, but only as comparatively 
infrequent constituents and not to the exclusion of other species. In the case 
of the ash there is this further initial advantage, that seedlings and young 
plants are almost invariably present and would take immediate advantage 
of the newly provided favouring conditions. Gaps are thus readily colonised 
by species with mobile fruits. In addition to this factor of mobility attention 
must be drawn to other factors of equal if not greater importance, viz., the 
age at which the various trees first produce fertile seed and the frequency of 
seed production. Regarding these, data obtained froxn various sources are 
presented for the principal trees here met with. 

Reference to these data show's that not only is the heavy-seeded tree 
handicapped by reason of the weight of the seed but also by the delay in 
initiating reproduction and the periodic occurrence of the latter. For w^liereas 
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the average annual seed production is in the neighbourhood of 16*5 per cent, 
for oak and beech, that for birch and ash is 44-8 per cent, and 33-:3 per cent, 
respectively, whilst the sycamore also produces seed annually after the 40th 
year. Thus the initial advantages are all with the light-seeded, and early and 
frequently reproducing species. 



Age at wMch seed 

Average annual 


production begins 

seed production 


f ; 



ill per cent, of 

kSpecies of tree 

In open 

In forest 

full crop 

Betula sj). 

10 

20 

44-8 . 

Fraxinus excelsior 

. 25 

40 

33-3 

Acer pse udoplatanus 

■ 25 

40 

■ 

Quercus robur 

60 

80 

17-1 

Fagiis silvatica 

40-50 

60-80 

16-2 


The previous description applies to the consociation of sere 2. In sere 1, 
where Ruhus appears before the seed-bearing age and would attain luxuriant 
development with the further opening up of the canopy with increasing age 
of the wood, the seedling must encounter considerable difficulty in its establish- 
ment. In sere 0, on the Chilterns, gaps are quickly overgrown by a dense 
tangle of Rubus which prevents successful beech regeneration. In these gaps, 
however, oak is a frequent constituent and under natural conditions probably 
prepares the way for beech establishment and growth. In sere 3 no difficulties 
of this nature are met with during the Ruhus stage. 

Attention may now be directed to the relation between the flora of the gaps 
and beech regeneration, in the light of the previously described phenomena. 

1. That admission of light by a break in the canopy is necessary for 
successful regeneration has been demonstrated, so that any competition en- 
countered by the beech and operating through the light factor will have a 
hostile influence upon beech establishment. If the gap is formed during the 
Oxalis stage, then, no opposition is immediately offered to the growth of the 
seedling by any of the species present, but the additional light admitted 
through the canopy during the Ruhus stage may be cut off by the presence of 
the shrub layer. Jolyet says that the greatest obvstacle to beech regeneration 
is the luxuriant growth of Rubus and Mr Hobart-Hampden has shown me 
an example of beech regeneration on the Chiltenis rendered successful only 
by the systematic cutting over of the brambles. Clearly then it is advisable 
to initiate reproduction before the brambles can interfere with the growth 
of the seedling. Nisbet^, while pointing out that the age at wffiicli trees reach 
their greatest market value varies according to eiivironmental conditions, 
gives a rough estiTuate of this age for. a number of trees. For beech, on good 
soil he ])uts the age at 90-120, and on inferior soil at 80-100. Exploitation 
of beech wdien it has attained its greatest market value therefore coincides 
roughly W 7 ith the transition stage OxaUs-Rubus and this permits of tlie initia- 
tion of regeneration during the Oxalis stage (consociation -sere 2). 

1 The Tormkr, 1, 1905, p. 3:53. 
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■ 2: Directing attention next to the relation of the size of the gap to beech 
regeneiution, we first ^ that the niinimum diameter will be the diameter 

of the crown of the tree removed. This will vary somewhat according to the 
position of the crown with relation to its neighbours and trees in process of 
elimination will have smaller crowns than those enjoying full sunlight. 

It has been pointed out already that mast, when produced under forest 
conditions, is projected only a short distance from the perpendicular, while 
the majority of the nuts fall vertically downwards. Thus the proportion of 
the exposed area that will be colonised will depend on the size of the gap. and 
the free play of wind. If the gap is small then the whole area may be seeded, 
and although unevenly distributed a sufficient number of nuts may fall in 
the centre to colonise the gap adequately, since during a good mast year there 
is a superabundance of seed. The larger the gap the smaller will be the pro- 
portion colonised, the seedlings being almost limited to the periphery of 
the gap. But in a large gap, and especially if there is a general thinning 
of the canopy, the wind will have freer play and seeds will be transported 
further, thus tending to diminish somewhat the proportion of the unseeded 
area. 

The necessity for limiting the area exposed appears also in another con- 
nection. In a given sere the luxuriance of the subsidiary flora depends upon 
the number of trees per unit area. Thus in order to give the beech the greatest 
opportunity of establishing itself in the area seeded it is necessary so to 
regulate this number that luxuriant growth of competing species will not take 
place whilst yet admitting sufficient light for the growth of young beech. 
This applies particularly to the Rubus stage where, if the break in the canopy 
is large enough, brambles soon vegetate so luxuriantly as to exclude all other 
species of flowering plants by reason of the shade cast (in one example the 
light intensity under Rubus was 1/110). This however applies mainly to those 
seedlings which have vsprimg from seeds projected further into the gap than 
the vast majority, for where the peripheral zone of young beech occurs Rubus 
is generally so handicapped by the shade of the neighbouring canopy that it 
has no serious adverse influence on seedling growth. Clearly then the size 
of the gap must be regulated to admit sufficient light to the seedling and yet 
prevent luxuriant development of its competitors, 

3. From a consideration of the foregoing paragraph the importance of the 
time factor will be realised. The longer the gap is exposed the greater is the 
likelihood of its colonisation by species absent from the immediately adjacent 
flora and their attainment of a greater height growth, and the smaller become 
the chances of the beech in competition with these. For the survival of the 
seedling, therefore, and more especially of those sprung from seeds thrown 
further into the gap than the rest, the time factor is of primary importance : 
that is to say, the seedling must have an opportunity of germinating and 
establishing itself before the area is occupied by such tall growing species as 
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Pterich'um aquilimmiy Epilobium angustifoUum^ Uriica dioica, or the 

woody plants, ash, birch and sycamore. Thus to secure successful regeneration 
the formation of a gap must also coincide with a full mast year. Occasionally 
one meets \¥ith a gap completely colonised, and investigation reveals a decayed 
tree stump in the centre. The explanation seems to be that the tree was removed 
just after the heavy crop of mast had been shed, when the whole area under- 
neath its canopy was abundantly seeded and the subsequent growth of the 
seedlings was unhindered by competition. On the other hand, in the beech 
associes there occur gaps from which young beech is entirely absent and this 
cannot be attributed to competition from taller growing plants. In such 
cases we may suppose that adequate seeding and seedling establishment 
have not taken place and that the gap has been formed subsequent to the last 
full mast year. 

Subsequent Developmb3Nt. 

The best examples of beech regeneration have been observed in the beech 
associes of sere 2 and the following remarks apply in the main to regeneration 
as seen in this community. 

The most characteristic feature of beech rejuvenation is the occurrence of 
a central core of varying constitution surrounded by a zone of beech, more or 
less pure. The most luxuriant growth is shown by the individual beeches 
occupying the centre of the gap, the height attained decreasing as the periphery 
of the gap is approached. This is correlated with the diminishing light supply, 
which as the branches close in upon the gap, falls to sub-optimal for the growth 
of young beech, which may become table-topped and finally die. Wliethcr 
this will happen to all the young beeches in the gap will depend on the size 
of the gap, which will be closed in completely only when it is initially small. 
An example of this arrest in the growth of rejuvenating beech was seen in 
the Rubus stage of the consociation, where the closing in of the canopy had 
arrested the growth of the young beech when it had reached a height of about 
30 feet. Sometimes a solitary individual survives, pushing its way towards 
the thinnest portion of the canopy. In the larger gaps there is a similar 
''slowing up'’ of the rate of growth of the marginal members, whose very 
small leaves and flattened crowns indicate mere existence conditions. No 
doubt too the unhindered growth of those individuals nearer the centre and 
the lateral extension of the parent crowns combine to exclude the light from 
the outer members of the circle. 

The centre of a circle of rejuvenating beech is sometimes occupied by plants 
wdiose degree of luxuriance would not seriously handicap beech, seedlings, and 
in this central area there is found with varying frequency a number of beech 
plants whose ages are decidedly less than those of the circle. The explanation 
seems to be that the admission of light to the parent crowns has promoted 
flower production and the ripening of seed, which, di’opping from tlui laterally 
extended crowns, falls into the central area. The young plants thus observed 
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would be the offspring of a partial crop. This gradual closing of the gap will 
also tend to suppress the subsidiary flora and the seedlings’ competitors. 

Woody plants other than beech are more strongly represented in the beech 
associes than in the consociation. For this reason gaps in the latter are less 
often and to a less extent colonised by such plants as the ash. In the associes, 
however, gaps are readily colonised by the mobile species, ash, sycamore, 
birch, goat willow and the less frequent elder. These may or may not be 
associated with a peripheral zone of beech. In the latter case the formation 
of a gap has evidently not coincided with, or approximated in time to, a mast 
year, so that the whole exposed area is colonised by dense thickets of these 
mobile species, the most important of which is the ash. The appearance of 
these prevents the establishment of seedlings owing to the shade cast, as is 
indicated both by the ground flora and by light readings, which are subminimal 
for beech. This implies that no beech colonisation can take place until by sub- 
sequent growth and the reduction in the number of individuals the canopy 
opens out sufficiently to permit of beech invasion. The period at which this 
occurs will depend upon the species and is related to the light requirements 
of these. Thus sycamore will prevent beech establishment for a longer period 
than will ash or goat willow. In such ‘'secondary consocies” the ground is 
generally almost devoid of leaf litter, and the predominating species of the 
ground flora are mosses, but Rubus frequently persists as a small plant about 
Gins. high. (For the flora of the “secondary consocies” of ash v. Section 1, 12 , 
pp. 172 to 175). With an increase in the age of the dominants the canopy opens 
out and other shade-tolerant species commonly met with in the beech associes 
appear. About this time beech is able to colonise and young beech trees 
from 5-28 ft. were observed under a canopy of ash 50-65 ft. in height. In this 
way the presence of these trees may hold up beech regeneration for a period, 
but their ultimate effect is to facilitate the progress of the beech, towards 
dominance, since on certain soils colonisation hy Rubus and Pteridium may more 
eftectively prevent beech establishment and thus delay the normal succession. 

When the colonisation of a gap dates from a full mast year, we may expect 
beech and most frequently ash to occur mixed and in varying proportions 
within the gap. In the centre ash is dominant with an occasional to rare 
beech; in the peripheral zone beech is dominant with occasional to frequent 
ash (Fig, 2). The light-demanding ash is here handicapped by the shade cast 
by the adult beech, and although it survives as a straggling sapling for 12-15 
years it ultimately yields to the beech. In the centre however the access of 
light allows the ash to make headway wffiilst the associated beech die or 
persist as spindly saplings. In Fig. 3 is depicted a later stage of development. 
Here the parent trees have been removed but the reproduction circle, with 
peripherally dominant beech and centrally dominant ash, can be made out. 
Here the ashes are surpassed by the peripheral beech and ultimately yield 
before beech pressure except one or two which may survive and reach 
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the full height of the canopy. The spindly beech saplings in the centre may 
recuperate when the ash opens out but have little chance of survival when 
the crowns of the marginal beech converge on the centre. 



Fig. 3. Reproduction Ckcle in beech consociation (sere 3) showing later developniont. Ago 
about 45 years (1922). Young beech is dominant round periphery, ash with a little beech 
in the centre. 


Under primeval conditions when vseedlings of partial cro])S survive, the 
natural beechwood would be of an uneven aged character, with a large pro- 
portion of trees of like size, dating from the periodic full mast years. But 
where the crop is practically limited to these years, as under ])resent day 
conditions, there is a marked tendency for the wood to assume an even-aged 
character. This is well exemplified by the consociation nuclei and tlie later 
stages of the beech associes development. These sometimes occupy considerable 
areas and approximate to the consociation in general chara,cters. When the 
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whole woodland is even-aged the effect is due to the removal of the parents 
and the direct encouragement of young growth. 

The dense thickets of beech, ash, etc., which occupy the gaps kill out the 
subsidiary vegetation, with the result that in consociation nuclei and in the 
consociation itself the subsidiary flora arises de nom, although related to, 
is not directly descended from, the flora of the beech associes. 

SECTION III. 

THE BEECH CONSOCIATION, 

Genehal Description. 

The beech consociation occupies a considerable area of the district investi- 
gated, and is represented by East Dean Wood, Charlton and Singleton Forests. 
Similar woods occur on the West Dean estate a few miles to the west, but 
these are known to be planted. 

The climax consists of an almost pure beechwood, whose constituent 
members have grown up in competition with each other and with other tree 
species of similar growth form. Thus we have an entire absence of pioneer 
forms, whose shorter boles and larger and more spreading crowns developed 
under opener conditions are features of the associes. A striking feature of 
the beech consociation is its remarkably uniform and even-aged character, 
for which the restriction of successful regeneration to full mast years must 
be held in part accountable. In the production of this result, it is extremely 
probable, and in the case of Singleton Forest authenticated, that the parent 
trees have been removed. 

The prevailing idea of the structure of a beechwood is that it consists of 
a canopy of dominating beech with a ground flora of a few isolated plants 
mostly showing obvious relations to the prevailing gloom during the shade 
phase or of species which take advantage of the short available period of the 
light phased. But the growth forms represented, at least in the British semi- 
natural beechwoods, are of a more varied character than is brought out by 
the existing descriptions, and show variation both in the number and abun- 
dance of species, which is correlated with the structural development of the 
wood and with the sere to which it belongs. 

The method of treatment of the morphology here adopted differs from 
those hitherto usedA, and consists essentially in describing changes in the 
vegetation accompanying increase in height and age of the dominant trees. 
In the initial stage of the consociation’s life-history the trees occupy the 
ground to the exclusion of all but a few isolated and dwarfed ground species; 
and the period during which such conditions prevail will be referred to as 
the ''Bare Stage.” With advance in age of the wood there is an appreciable 

^ Warming-Graebner, LUirbuch der dkologischm PfianztwgeogmphXe^ 1914-18, p. 560. 

Btibel, Qcobotmische Untersuchungsmelhoden, 1922, p. 179, et seq. 
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diliiiniition in tlic density of the stand and the canopy opens out, aduiitting 
a light supply adequate to the needs of shade-hearing species. The further 
reduction in the number of trees per unit area is reflected in the greater luxuri- 
ance of certain species and in the first appearance of others. Two stages in 
this process are to be distinguished and are designated by the plants respec- 
tively most characteristic of them, viz., Oxalis acetoseUa and liuhiis frutimsm ' 
(agg). In future these three stages will be referred to as the “ Bare,” 
and ^"Rubus'' stages, and just as we speak of a seasonal rhythm, in the ground 
flora so we may refer to the changes during the lifetime of a wood {from the 
seedling stage to maturity) as the life cycle rhythm. It goes without saying 
that these divisions are not absolute, that there are transitional stages : these 
however are quite easily recognisable by their sharing some of the characters 
of the adjoining main stages. For these last it may be claimed that their 
relation to the structural development of the woodland is so close and easy 
of recognition as to warrant their choice in a description of its morphology. 

In the woodlands investigated there is a remarkable uniformity in the 
constitution of the tree-layer— beech everywhere forming more than 90 per 
cent, of the wood — and this similarity extends on the whole to the species of 
the subsidiary vegetation. Differences in the latter occur and these will be 
referred to later, but the most marked variation relates to the time of appearance 
of certain species during the life history of a woodland. In some the Oxalu 
and Rubus stages appear before the woodland has attained the age of 70 years, 
whilst in others the appearance of Oxalis is delayed until after Riibus has 
become abundant, with Ilex aquifolium locally dojuinant, in a wood over 
120 years of age. This variation in the time of appearance and period of 
dominance of Oxalis in the life cycle has been used as a basis in the classification 
of South Downs plateau beechwoods (seres 1, 2 and 3), 

The beechwoods on Chalk described by AdamsorD are distinguished by 
the absence of Oxalis (sere 4), whilst the regular exploitation of the Chiltern 
plateau beechwoods (sere 0) prevents the satisfactory application of this idea, 
although gaps in a 70-year old planted wood of slow growth occasionally 
show a central core of Rubus with a periphery of Oxalis indicating a difference 
in the time of appearance during the life history of a normal wood. 

Apart from sere 0 where the evidence obtainable was not considered suffi- 
cient to indicate exactly the limits of the life cycle changes, the classification of 
the South Downs beechwoods may be presented diagrammatically (Fig. 4, p. 44)* 

An analysis of Fig. 4 shows that Oxalis dominates in sere 1 woods for 
a period of about 10 years when the wood is from 5b to 65 years of age. There- 
after Rubus assumes dominance. In sere 2 there is a delay in the first iippear- 
ance of Oxalis until the wood has reached the age of about 80, after which 
for a period of at leavst 20 years this plant remains dominant. The dominant 
role is then assumed by Rubus, In sere 3 Rubus appears first with Ilex aqui- 
^ ‘‘The Woodlands of Ditoham Park.’* This JouimAL, 9, pp. 122 -i24. 
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folium locally dominant in a wood of upwards of 120 years of age. Thereafter 
Oxalis comes in. Finally in sere 4 Oxalis is not recorded and Rubus does not 
contribute iiiucli to the subsidiary flora. 

In each wood examined sample plots of 100x100 ft. (or in the case of the 
younger woods 50x50 ft.) were measured. Data were obtained regarding the 
total number of stems, the height attained, the girth at 4ft. 3 ins. (breast 
height) from the ground, and the approximate age. The age of the younger 
woods (up to 70 years) wms obtained by felling an ash tree and making a ring 
count, but the age of older woods was estimated, and is very approximate 
except in the case of the mature woods of seres 2 and 3 where cut stems were 
available. At the same time a classification w^as made of the crown strata 
into the four groups ''dominant,” " subdominant suppressed and dead. All 
the above data are collected and presented in Table I (u. p. 46). 


No Oxa^Rs 

Bare 

Jtubvs 

Ox%ifs 


Oxalfs 

Jiulros 

Sarc 

Qxs/fs 

Rolrvs 


5€re 0 

^ 3 

" / 


JO 416 3o jfo So 6o yo so 90 joo no i»o tso /9 q 

Fig. 4. Diagram illustrating periods at which Oxalis and Rubus become dominant in beechwoods 
beionging to seres 1-4. 


In Section II it was shown that the regenerating beechwood consists of 
a mixture of ash and beech. With increase in age there is a gradual reduction 
in the total number of stems until finally in the mature wood there remain 
about 23 to 10,000 sq. ft. Of these the vast majority are beech whilst an 
occasional ash and oak persist. Thus even although the ash start numerically 
equal to beech the majority are eliminated, as may be gathered from the 
data of the number of stems per unit area recorded from various stages in the 
life history of beechwoods (v. Table I, p. 46). 

With an adequate light supply ash first gro-ws more rapidly than beech 
and in this way maintains itself for a number of years in intimate mixture 
with the latter. Later the rate of growth of the beech is faster than that of 
ash with the result that the ash is surpassed, relegated to a subordinate 
position and finally practically eliminated. It is of interest therefore to inquire 
at what stage in the life history of the wood beech definitely assumes leader- 
ship, and how beech and ash behave in the various seres. 

In Section I, Table V, 12, p. 197, the required data are summarised but may 

1 Tlieac terms arc here used in the sense of the silviculturist and wlicu so employed arc written 
in inverted commas. A tree in canopy is “dominant’' when one half or more of the crown is 
fully exposed to tiie light, “subdominant,” when less than one half is fully lighted— -the 
nnwn as a whole lantig lower than the crown's of “dominants.” A suppressed tree is one wholly 
shaded. 
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be repeated Here for convenience. In a young wood of mixed asli and beech 
belonging to sere 4, the beech surpasses the ash at a height of 35 ft. In sere 3 
the ash at 45 years of age has attained a height of 52 ft. and is definitely sur- 
passed by the beech. In sere 2 the ash at 66 years of age is relegated to the 
'' subdominant ’’ layer^ and appears from 5“10 ft. shorter than the /' dominant 
beech whilst in sere 1 several ash, aged 67, and about 70 ft. in height are still 
holding their own with beech but are now not quite so tall. Thus as we pass 
from seres 4 to 1 conditions favour the ash relatively to the beech but there 
is no evidence to show that the growth of beech is adversely affected. The 
result is that a wood of almost pure beech is developed most quickly in sere 4 
and progressively less so in seres 3, 2 and 1. 

The lack of definite information as to the age of the woods excejff in the 
case of the younger ones prevents a close comparison of the density of stand 
and the relation of beech to ash in the various stages of the several seres. 
Woods 3 {Rubus stage, sere 1) and 4 (bare stage, sere 2) are however of equal 
age and may be compared. The total number of stems ])er unit area in sere 1 
is 132, and in the sere 2, 108. The analysis of the data shows a denser stocking 
of "dominant” beech in sere 1 (48) than in sere 2 (32). Similarly with ash. (and 
oak). The examination of the crown strata other than "the uppermost” shows 
that the sere 2 wood is in a more advanced stage of development than the 
wood of equal age belonging to sere 1; for whilst the majority (in the sample 
analysed, all) of the standing beech trees in the latter are still living, a large 
proportion in the former are dead. A similar deduction may be drawn from 
an analysis of the data respecting the ash. These data seem to warrant the 
conclusion that competition is keener in vsere 2 than in sere 1. Further the 
rapid elimination of ash in sere 3 and the reduction i.n the number of crown 
strata to one indicate that competition is more severe in sere 3 than in sere 2. 
From the fact that beech surpasses ash at 35 ft. in sere 4, the above 
may be extended to include this sere where it may be fairly concluded that 
competition is the most severe of all. No data are available respecting 
sere 0. Data regarding the ultimate height growth are available only from 
seres 2 and 3, where the average height attained is 100 and 90 ft. re- 
spectively. ^ ' 

Soil. 

The general character of the soil has already been described-. The average 
depth of the loam with the extremes in brackets are given in Table I and bear 
out the previous description. Sere I woods grow on a compact loam. Sere 2 
woods occur on a soil with or without loam— in the former case opener in 
texture and on the whole shallower than in sere 1. In sere 3 tire calcareous 
soils are of more general occurrence but a shallow loam occupies part of the 
area. The total depth of exploitable soil increases from sere 3 to sere 1. 

^ Wood 5 hIiows aUniitics with sere I, and k not regardcnl as of sen^ 2, 

- Introduetion to Part II. This Joubxal, 12, 1924, p. lot). 
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Watee Content. 

Samples of soil at 0-2 ins., 6-8 ins., and 18-20 ins, deptt were collected 

from the three stages of seres 1, 2 and 3, for their water content determination. 

The data obtained showed no consistent relation to the different seres. The 

water content ^ . , ' . , , 

- 1 — - — ratio was also determined, but again no correlation was estab- 

hnmns ® 

lished. General field observations supported by observations on plant growth 
indicate that sere 1 soil is wetter than sere 2, and sere 2 than sere 3. In the 
sequel reliance is placed on these observations since single determinations of 
the moisture content cannot be relied upon to give a true idea of the relative 
wetness of the different soils. 

Hydeogen-ion Concentration. 

The data already given are supported by the data for the consociation. 
On the whole there is a gradual increase in acidity as we pass from seres 3 to 1, 
but here again it may be pointed out that there is no necessary correlation 
between floristic type and this factor. 

Light Intensities. 

The data respecting demsity of stocking indicates that there is no direct 
relation between the occurrence of the Bare-soil-0.rafe-Ki/6us succession and 
light intensity. The light values^ obtained during the summer of 1923 and 
summarised in Table I show that Oxalis is absent from the Late Bare stage in 
sere 3 with a light intensity of 1/21 whilst it is present in sere 1 under a light 
intensity of 1/41, 

The Root System op the Beech, 

According to Jolyet^, ‘At first the taproot (of the beech) remains simple 
and penetrates the soil as far as the shoot rises above it; at about 12 or 15 years 
of age the taproot ceases growth and lateral roots extend ; at 30 these cease 
to elongate and are then replaced by superficial spreading roots often projecting 
above the soil to some distance from the base of the tree.’’ On the Chalk the root 
system varies in depth according to the depth of the soil. Where the latter is 
shallow most of the finer roots occur in the upper few inches and with a maxi- 
mum root penetration of about 24 to 30 ins. down to the solid chalk. Beech can 
however attain fair dimensions on shallower soils. On the Chilterns the root 
system of a beech had been exposed on one side as far as the stem by quarrying 
and the whole was confined to the surface 9 ins. — ^the under surface forming 
a perfectly flat horizontal projection, no roots penetrating the solid chalk. 
Where the soil is deeper, as for example where residual deposits have accumu- 

^ These values are expressed as fractions of bright sunlight in the open. They were obtained 
by a Watkins Bee-IHeter moved in straight Iin.es through the wood and thus exposed to sundecks 
as well as to shade. They are not comparable with the data given in Part I. (This douRNAL, 11, 
1923, p. 43.) 

" Traits P'mligne (Je Silvicidtnref j). 217, 
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lated, beecli roots penetrate to a depth of at least 4 ft. The root system then 
may be accurately described as accommodating, and part of the success of 
the beech in competition with oak and ash on the shallower soils of the Downs 
may be attributed to the possession of a type of root system in which the 
production of an extensive system of surface feeding laterals may effectively 
replace the deeper going root system which is formed on suitable soils of greater 
depth. Occasionally knee4ike projections from the roots of older trees appear 
at varying distances from the butt and from these there frequently arise 
shoots from 4“6 ft. in height with a table-topped branch system. These often 
convey the false impression of natural regeneration from seed. On the whole, 
on the shallower soils throughout the beechwood area the beech shows this 
extensive development of comparatively slender superficial roots, proclaiming 
the tree as mainly a surface feeder. No information is available as to the 
character of the beech root system in the deeper soils of the Chilterns Plateau. 
In shallow soil and especially along the brow of escarpments where the surface 
litter is blown away, sometimes also on siliceous soils, as for example in some 
places in the New Forest, the larger radiating roots only half buried in the 
soil may be observed. In Burnham Beeches this feature had attracted the 
attention of the poet Gray who immortalised it in his Elegy in referring to a 
beech '' that wreathes its old fantastic roots so high.” The superficial character 
of the root system of the beech must have an important effect on the ground 
flora, for the surface feeding roots come into direct competition with, and 
exploit the same soil layers as, the herbaceous species. 

The species occurring in the woods examined are listed on pp. 50, 51. 

Tun Beech Consociation o¥ Sebe I. 

This consociation occupies a rather limited area in the western portion 
of Singleton Forest. The woods examined varied in age from 50-70 years 
and all three stages were observed, but this limitation in age prevents the 
description of a mature wood and an account of a more typical Bare-stage. 
The woods were examined during the summer of 1922 and the early spring 
and summer of 1923, but no comparison of their appearance with that for 
1921 is available. 

Bare-stage^. 

The wood examined is in the late Bare-stage just prior to its passage to 
the stage. 

Tree-layer. The composition of the wood may be gathered from the data 
analysed in Table I, column 1. At an age of SO and a height-growth of about 
60 ft., the “dominant” trees are chiefly beech, but fully 50 per cent, of the 

1 Although described as “Bare,” it may be pointed out that certain plants do occur, but their 
presence does not interfere witli. the general impression of a bare forest floor. Needless to say, 
the word is used in the sense of “no vegetation” and does not refer to the leaf litter which through- 
out the woods described is from ins. deep. 
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asli stems retain tlieir position with beech. Attention may be drawn here to 
the fact observed in all the woods that only two classes of living ash exist, 
thus indicating the inability of the ash to withstand suppression at the pole 
stage. The oak is an occasional constituent. 

Stihsiddary ktyer. All the plants (except Monotropa) are undersized and 
scarce, but it is of interest to note that Rubiis persists as a small plant of 
2-3 ins. The persistence of Rubus under shade has been noted by Wilson^, 
who cites Dobner^ as having made a similar and earlier observation. Seedling 
ash up to 6 years and showing very slow growth, are frequent, appears 

in small patches and Viburnum opulus h a small and rare plant. Of the 
herbaceous plants it may be noted that Oxalis is invading from the pathways 
and in 1923 has appeared as an occasional constituent through the wood. The 
mosses, partly because the leaf litter is rather thick upon the ground, are 
poorly represented in species and individuals. 

Oxalis stage. - 

Oxalis appears generally throughout the wood when the latter is between 
50 and 55 years of age and remains the dominant plant for about 10 years. 

Tree layer. There is a reduction of 20 in the total number of stems (Table I, 
column 2). In 5 years 8 beech and 12 ash have been eliminated. There is also 
a reduction in the number of ‘Vlominant” ash, but as might be expected an 
increase in the ‘hsubdominant” class. The age of the wood is 55 and the height 
of a felled tree 64 ft. The oak remains an occasional constituent. 

Subsidiary layer. In addition to the woody plants occurring in the Bare 
stage the following have made their appearance: EuonymMs^ Ilex, Ligustrum, 
Ruscus and Taxus, as rare to occasional members. There is a considerable 
increase in the number of herbaceous plants, among which in the order of 
descending frequency, Oxalis, Viola sylvatdca (agg.) and Melica uniflora are the 
most important. There is also an increase in the number of mosses both in 
species and individuals but on the tree stems bryophytes are limited to the 
bases. ■ 

Rubus stage. 

In this sere the Rubus stage begins when the wood has reached about 66 
years of age. The wood examined is only a year or two older than this, so that 
a typical stage is not presented, thus prohibiting a strict comparison 

with the mature woods of seres 2 and 3. 

Tree-layer. The total mimber of stems is now reduced to 132 per unit 
area (Table I, column 3). The most interesting fact shown here is that in a 
wood 67 years of age and 70 ft. tall, 8 ash trees have retained ^'co-dominance’^ 
with beech, whose rate of growth as compared with that shown in sere 2 
(r. Table I, column 4) is at least maintained. The oak also liolds its own, with 
beech as an occasional constituent. 

1 IhL25, U)II, p. 41). ^ ^ Boianik f ar Fi^'nimauntr, 1882. 
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Shrub layer. Tlie dominant slirub is clearly Rubus, wliicli although it does 
not cover the ground so completely as in the mature wood of sere 2, neverthe- 
less may attain a height of two feet, the average being about 18 inches, and 
shows quite a vigorous and robust appearance. Ilex is occasional to frequent 
but is a small plant, as are slso EuonymusyYiburnum opulus and F. Umtana^ 
which range from 6-9 ins. in height. 

Ground flora. The species present are almost the same as those recorded 
from the Oxalis stage, with the noteworthy addition of Veronica chammdrys, 
but there is a general increase in their frequency, this being particularly the 
case with Asperula odomta, Luzula pilosa^ Melica uniflora, and Dryopteris 
filix-mas. There is an apparent reduction in the frequency of Oxalis, which 
on the whole did not appear so vigorous in the wmods belonging to sere 1 as 
in the older wmods belonging to the Oxalis and Rubus stages of sere 2. 

Mosses are much more apparent in the flora due in large measure to the 
increased frequency of Hylocomium triquetrum and Thuidium tamariscinum. 
Bryophytes occur on but are limited to the bases of the trees. 

The Beech Consociation op Seee 2. 

Woods belotiging to the climax stage of this sere cover a large part of our 
area, most of them being in the Oxalis stage of development. Although exact 
limits have not been set to the 3 stages it is believed that the Bare stage 
terminates when the trees attain an age of about 70 years. Oxalis dominates 
in woods from 80™100 years of age, but in some cases at least its appearance and 
dominance are delayed for several years. This transitional period is denoted 
as the pre-0.Tafe stage. Rubus, which is occasional to frequent in the Oxalis 
stage, multiplies rapidly and dominates in woods from 120-140 years of age. 

Bare Stage. 

This was shown by one wmod of rather limited extent. 

Tree layer. Data regarding this layer are collected and analysed in Table I, 
column 4. The total number of stems per unit area is 104, showing a reduction 
of 28 as compared with the wood of similar age in sere 1. If we deduct the 
number of dead stems the dift’erence is much greater. The floor of the wood 
was littered with the fallen stems of beech and ash but principally of the latter. 
The tallest ash here are definitely relegated to the '^subdoniinant” class, and 
altogether the wood is in a more advanced stage of development than the wood 
of similar age referred to. The oak is an occasional constituent and maintains 
itself in competition with the beech. 

Subsidiary flora. In this wood beech seedlings occur, but under the pre- 
vailing conditions, they survive only a month or two, death occurring in 
June and July. No young beech older than this has been found. Clearly 
then under the existing conditions beech regeneration cannot take place at 
this stage — even it the parents bore an adequate supply of fruit. 
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We have already seen that ash in the pole stage is intolerant of shade. This, 
however, is not the case with the seedling, which survives for at least 6 years 
under the deep shade of the Bare stage. It is true that the plants are small, 
with spindly stem, slow rate of growth and with an average of only two small 
trifoliolate leaves, yet they manage to survive under conditions prohibitive 
to beech. 

Heeler a is strictly confined to the trees, there being no ground societies which 
are a feature of the later stages. During the summers of 1922 and 1923 no 
Rubus was observed in the area. No Taxus older than the seedling stage was 
found. 

Herbs are poorly represented and all are undersized. 

Mosses are well represented in species and occur chiefly on the decaying 
stems and on mole-hills. The living tree-trunks are without any bryophytic 
covering. 

Pre-Oxalis Stage, 

Two woods which, from the height of the trees and the general appear- 
ance of the subsidiary flora, w^ere expected to show dominant Oxalis, showed 
the plant in patches only. It appears first along the brows of terraces, near 
forest tracks, sometimes at the bases of trees, in the neighbourhood of small 
gaps and where the loam is deeper. Eor example, a loam covering of 27 ins. 
depth carried Oxalis, whilst the plant was absent from a loam 18 ins. deep. 
Oxalis was observed occuiTing on terraces and deeper soil in the beech associes 
of sere 3 whilst it was generally absent from the rest of the wood^. It is probable 
that the factor common to all these habitats and permitting the appearance 
of Oxalis is an adequate water supply. The evidence available seems to indicate 
that in a few years time the changes accompanying a thinning of the canopy 
will permit of a continuous Oxalis carpet in w^hich are set the scattered indi- 
viduals that make up the remainder of the subsidiary vegetation. 

Tree-layer. In columns 5 and 6 of Table I, data regarding the trees are 
analysed. Column 5 presents data showing similarity in density of stocking, 
and in dominant ash, to the Rubus stage of sere 1, whilst column 6 contains 
the data of a wood which is almost pure. It is interesting to observe however 
that the same number (48) of /'dominant” beech is recorded from the pre- 
Oxalis woods and from the Rubus wood' of sere 1. The oak is an occasional to 
rare constituent and in one wood Castanea satim is occasional. 

The Subsidiary layers. An incipient discontinuous shrub layer consisting 
of Rubus has made its appearance. The arching stems of neighbouring plants 
do not intertwine but may attain exceptionally a length of 2|' feet ; the average 
is from 6-"9 ins. Very straggly Hex bushes with few leaves and up to 4-5 ft. 
are locally frequent. Their general appearance is similar to that shown by 
much of the Ife in the calcareouvS parts of the stage of sere 3. Hedera 

;A'''BoctionI,A2,p- 191.' 
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occurs in both, woods, in one (wood 5) it is scattered and forms no pure societies, 
in the other it is frequent as a climber and is locally dominant on the ground. 
¥ ibimium ofulus with a height of 12 ins. in the former wood and 2-3 ins. in 
the latter is an occasional constituent. Young ash plants again showing a 
slow rate of growth are frecj[uent. 

The herbaceous flora is essentially similar to that of the Oxalis stage except 
that in the latter the ground is carpeted with Oxalis and syhatica. Indeed 

the presence of this green background in the Oxalis stage tends to obscure 
the low-growing Rubus, which is thrown into relief against the brown leaf- 
litter in the ^ve-Oxalis stage. The other herbs are scattered and undersized. 

The development of the subsidiary flora, which includes Asperulay Des- 
champsia caespitosa sbnd Melica uniflora — plants which in this sere are recorded 
only from the Rubus stage— suggests affinities with sere 1 where they all occur 
in the Oxalis stage. This is also supported by the density of the trees and the 
persistence of ash. On the other hand, Oxalis is colonising suitable centres and 
presumably will become more general with a reduction in the number of trees. 
In one of the woods the surface 2-3 ins. of soil was extremely open, porous 
and dry— a condition of affairs which would handicap shallow rooting species 
but wmuld not interfere with the growth of deep rooters once these became 
established. These two woods are provisionally assigned to sere 2. 

Oxalis Stage, 

Three woods showing this stage were examined. Despite differences in 
the chemical composition of the superficial soil layers and in the hydrogen- 
ion concentration the flora is remarkably uniform. Woods 7 and 8 occur on a 
west facing slope and show a luxuriant growth of whilst in the older 

wood 9 — whose soil is in parts loamy and in parts calcareoufj — the plant is 
less robust. 

Tree-layer, As compared with the bare stage the floor of the wood is 
remarkably free from dead stems, for by this time beech has a;sserted its 
supremacy, the majority of the ash has been eliminated and the stem?^^cayed. 
Part of the result may be due, in the case of woods whose trees have‘*;^^qhed 
exploitable dimensions, to the deliberate and periodic removal of trees holier 
than the dominants.” This system, pursued for a number of years on the 
Goodwmod estate, does not therefore appreciably interfere with the natural 
development of the beechwoods. This is borne out by the fact that the 
number of ''dominants” in the Oxalis 3ta,ge is similar to that in the late bare 
stage described, the difference in the total number of stems being due to the 
ash and the beech stems other than ''dominant.” In this sere observations 
seem to indicate that Oxalis appears just about the time when most of the 
ash are eliminated. Any ash trees maintaining themselves at this stage are 
likely to persist into the Rubus stage. The oak is an occasional constituent 
of the tree layer. 



Siihsidiary layer. Compared with the Bare stage there is an increase in 
the number of woody plants but all are of small size and indicate the operation 
of some limiting factor. These plants are practically the same as those making 
their first appearance in the Oxalis Bta>ge of sere 1 . 

In the Oxalis stage the beech seedling does not die so soon as in the Bare 
stage but survives a number of years. Young plants up to 5 years of age have 
been found but not older and decrease in the successive annual growths in- 
dicates the unsuitability of the environment for successful reproduction whilst 
the present conditions prevail. Data regarding the rate of grow^th are given 
in Part I^. In Germany it is the practice to initiate beech regeneration when 
OaYiZis* makes its appearance. 

Here too young ash survives much longer, frequently attaining an age 
of 25-30 years with a stem a foot to a foot and a half long. The latter however 
lies prostrate on the ground, rooting at the nodes with only the terminal 
6 ins, or so erect and generally bearing 2-4 leaves, evidently just sufficient to 
maintain life and a feeble growth. In some woods, however, these young 
ash trees are severely handicapped by being cut over periodically by rabbits 
and hares and 2-3 year old shoots resembling seedlings arise from com- 
paratively stout rootstocks. In this way the young ash shows a considerably 
greater capacity to recover from cutting over than young beech. 

An interesting record is that of a seedling of Castanea saliva in the heart 
of a beechwood and vsome hundred yards distant from the nearest possible 
parent. Mr Tansley informs me that he has seen good self-sown chestnut 
seedlings more than once on the Lower Greensand in Hrints and West Surrey. 
A¥ilson‘^ in reference to woods in North-East Kent says; ^-In this part of 
England mature specimens of the chestnut only produce ripe seed in un- 
usually long and warm summers .... No seedlings have ever been found.’’ 
This seedling (recorded in 1922) is therefore the result of the production of 
ripe fruit during the sunny summer of 1921 and its appearance indicates the 
possibility of some chestnut in our woodlands being subspontaneous^. 

Ruhus is an occasional constituent, its stems sometimes reaching a length 
of 3|- ft. but the average is about 6 ins. Rosa awensis remains small. Euonymus 
md Ligiistrum fjoduce prostrate stems from which short shoots arise. 

The facies of the herbaceous florals due to the presence of Oxalis, whose 
dominance is sometimes shared by Viola sylvatica (agg.) and replaced by local 
societies of Hedera helix. There is a notable increase in the number of species 
in comparison with the Bare stage but nearly all are rare or occasional. Mer~ 
curiaUs perennis is confined to the better lighted margins of the woods and 
is not strictly speaking a member of the Oxalis flora. 

Little change has occurred in the moss flora, although species frequency 
has slightly increased. It may here be noted that bryophytes were present 

^ Thin JoJFRNAL, 11 , L923, p. 43. r. p, 879. 

^ CL Summerhayes, Cole and Williams, this Journal 12, p. 301. 
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on tlie trunks of tlie trees of wood 9 but absent from those of the 
other two. 

The Oi>;afe stage reflects the beginnings of the lightening of the canopy 
and marks the initial endeavours of the wood at regeneration. A gap here and 
there is formed by the death of a tree but such gaps are generally partially 
closed by the lateral extension of the adjoining crowns sufficient to exclude 
an adequate light supply for the growth of young beech. If, however, the 
break in the canopy is of greater extent, then, if other conditions are suitable 
the beech has an opportunity of stocking the vacant ground. 

It is interesting to examine a little more in detail the flora of these gaps 
formed by the fall of a tree or occasionally of two adjacent trees. These so 
far as my observations go occur chiefly in the later Oxalis phase, for the typical 
Oxalis stage is remarkably free from dead prostrate stems, indicating that 
the time of greatest competition has passed. And the death of a tree during 
this later phase generally implies a break in the canopy whilst the elimination 
of a subdominant’’ or suppressed tree at an earlier vStage does not. 

The flora of these gaps already listed in Section 2, pp. 33 and 34, reflects 
the improved habitat conditions. Certain species appear for the first time in 
the life-cycle of the wood and give us an index of the species likely to appear 
in the later phase. 

Not only do we have the appearance of new species but a greater degree 
of luxuriance of those already present. Oxalis forms a dense carpet in some 
but in others it is relegated to the shade of the beech canopy by reason of 
the denser shade cast by the leaf-mosaic of the taller Circaea, Rubus too shows 
an enhanced growth, the arching stems attaining a length of 1-2 ft., but the 
shoots of Rubus are not dense upon the ground so that the shade they cast 
is insufficient to interfere seriously with the growth of young beech and ash. 
Occasionally Rubus was found to attain a length of 3 ft. and yet be very poorly 
represented in number of individuals. The light values were clearly sufficient 
for more extended growth and w^e must regard Rubus in such cases as simply 
in process of invading the gap. Here too we find erect ash plants, their height 
and rate of growth depending on the size of the break in the canopy. The 
young beech also shows a greater degree of luxuriance, but as all under observa- 
tion were eaten off it is difficult to say how long they will survive. One case 
was noticed, however, in the Rubus stage where the space was occupied by 
a number of beeches 20-30 ft. tall, whose stems were obliquely inclined toward 
the centre, and whose crowns were table-topped by reason of the lateral ex- 
tension of the adjoining parent crowns. Thus the beech even in these gaps 
finds difficulty jn permanently establishing itself so long as the general canopy 
of the forest is maintained. 

The abundant Rubus wiiich showed in gaps durmg 1921 was found in 1922 
to have died out in some and to have been almost obliterated in others and had 
not yet re-appeared in 1923. This evidence shows that light intensity is not 
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the only important factor in the development of the flora of gaps and the 
conclusion seems warranted that the drying out of the soil is an important 
factor limiting the growth of plants in sere 2 woods. 

Rubus Stage, 

Here, the canopy of the trees, which appear to have attained their maximum 
height, has opened out slightly, permitting a more luxuriant ground flora to 
flourish. Only one example of an old standing wood came under my observa- 
tion, viz., Charlton Old Forest, where the trees have attained an age of from 
130 to 140 as determined by a count of the annual rings of felled trees. In 
these cross sections the last 20 rings show a very poor diameter mcrement, 
possibly indicative of the initiation of a process of decline. Jolyet^ gives the 
maximum age attained as about 200-250, but states that the longevity varies 
with the altitude, and ''on the banks of the Loire, it perishes in close canopy 
before the age of 150.” BoiJger^ quoting continental opinion says that "its 
life in a crowded wood does not often extend beyond 150-200 years.” If these 
continental observations are applicable to British conditions then we are here 
dealing with a wood which is approaching the age-limit. 

Tree-layer, The number of stems per 100 feet square has now decreased to 22, 
of which 21 are "dominant” and 1 dead (Table I, column 10). The beech 
has apparently already attained its maximum height during the late Oxalis 
stage, for the average height in the Rubus stage is in the neighbourhood of 
100 ft. Parts of this forest, particularly along the crest of the Down belong 
to sere 3 and here the height attained is much less (85-94 ft.). The trees are 
remarkably uniform, with about 60 ft. of the bole clear of branches, the latter 
ascending obliquely and supporting a foliage canopy which permits the passage 
of a fair amount of light. 

Although neither oak nor ash occurred in the plot measured both are 
occasional constituents in this stage of the woodland. Both species appear 
"drawn up” with stems slender in comparison with the adjoining beech, e.g. 
an ash girthed 3 ft. 9 ins. and an oak 3 ft. 6 ins. compared with an average 
of 4 ft. 10 ins. for beech. A noticeable feature in this wood is the proportionately 
large number of deaths among the ash trees that have maintained themselves 
through the Oxalis stage. This does not seem in all cases to be due to suppres- 
sion as the beech has already attained its maximum height, but possibly to 
the natural age limit on this soil having been reached. The last stage then 
consists of an almost pure beech wood, Fagus silvatica having overcome many of 
its competitors during the Bare stage in virtue of its rate of growth and shade 
bearing capacity and completing the victory by reason of its greater longevity. 

The Shriib4ayer, The colomsB^^^ gaps by Rubus during the Oxalis 
stage indicate the capacity of this plant to spread when conditions become 
suitable. The persisting individuals of the Oxalis stage act as centres of propaga- 

^ Quart, Journ, ^oresir^/X, 1907,. p,' 2,50. . 
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ion, and in the Rubus stage a definite slirab layer is formed. This shrub layer 
; not generally associated with beechwoods and I am informed by Mr Hobart- 
lampden that on the Chilterns foxhiinters are agreeably surprised to find 
iich suitable cover under the shade of beech. The presence of Rubus determines 
he facies of the undergrowth, although it is absent from certain circumscribed 
reas where /fcdcra and Oxalis are dominant. Rubus attains an average height 
f 18 ins., with arching stems and green leaves, and for the most part forms 
continuous cover, whose shade added to that of the beech canopy checks 
:ie growth of herbaceous species. It flowers and occasionally produces fruit 
diich consists, however, of only a very small number of drupels. 

The degree of luxuriance of Rubus seems to be chiefly; determined by at 
sast two factors, viz., light and soil moisture. The effect of the influence of 
lese two factors cannot readily be dissociated under natural conditions h 
,g. Rubus attains a greater degree of luxuriance in gaps ’where the light supply 
increased but where also competition with the roots of neighbouring trees 
reduced. Even a comparison of the luxuriance of Rubus for the years 
h21 and 1922 does not allow of a definite conclusion being drawn, for 
le drought of the former year is associated with much sunshine and the 
etness of 1922 with much cloudiness. During the summer of 1921 Rubus 
:ew luxuriantly and formed a w^ell-defined layer but in the following year 
le development of the shrub layer was much less marked, the plants 
iowing very stubbly growth, many dead stems, and leaves of a pale green 
flour. Part of this effect may in addition be due to the effect of rabbits, 
Inch, pressed through scarcity of food, ate oft‘ the tips of the Rubus stems 
iring the winter months. Nevertheless the retention of a similar vigour in 
le Rubus stage of sere 1 with a light intensity of 1/38, and the association of 
diminished frequency and vigour and a light intensity of 1/21 in the Rubus 
age of sere 3 indicate that factors associated with greater soil depth play 
te paramount role. 

The holly is a prominent constituent. On the shallower loams it may form 
tree up to 25 ft. in' height with straggling branches and relatively few leaves, 
it in the more typical parts it is an occasional to a frequent constituent, 
rining either a small tree, 4-5 ft. in height, or a low bushy undergrowth 
ith procumbent and prostrate stems and attaining a height of l"-2-| ft. Its 
vn canopy added to that of the beech excludes most of the herbaceous species 
it permits the growth of mosses. 

The ivy is locally dominant on the ground but also climbs the beech, 
rming one of the worst plant pests with which foresters have to contend 
these woods. In the Rubus stage very few trees are without it. The stems, 
wever, are cut periodically so that the canopy is little affected. 

^ Fricke, und Sehafctenhoizarten ein wissenschaftUch nicht begriindctes Dogma.’" 

ntralhl. /, GemmL Forsiw. 30, i904, j). 315. Burns, Vmmmt A gr. Kx‘j[), Bin. Bull Nos. 178, 
i, 193. 
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Among the other shrub constituents some appear for the first time such 
ufi Gornus^ Corylus, Cmtaegus, Hypericum andromewtuni and Ribesrgrossidana, 
and those others, recorded from the Oxalis stage, here show for the most part 
an increased freq[uency and enhanced growth. Their presence, however, does 
not appreciably affect the general facies of a matrix of Rubus studded with 
Ilex, 

Mj attention has been called by Mr Tansley to the number and luxuriance 
of the individuals of evergreen species on the S. Downs. Brockmann^ in his 
description of the natural woods of Switzerland remarks on the prevalence of 
such evergreens m Ilex aquifoUumy Buxiis sempervirens^ II eder a helix and 
Laurus nobiMs md adds that these show in their distribution distinctly oceanic 
characters. Ilex has an oceanic distribution and its frequency under beech 
(in seres 2 and 3) on the South Downs as contrasted with its occasional occurrence 
in scrub may be attributed to the provision of the necessary local climatic 
environment. Holly is also a prominent shrub in the beech-holly woods of 
Corsica'^, but Braun does not record it from the beechwoods of the Cevennes 
although they form mi Hot de vegelation horedl (qui) correspond a un il6t 
clmatiq'ue de caractere presque oceanique^R The mildness of the climate at 
Goodwood is emphasised by the presence of magnificent cork-oaks {Q. stiber) 
growing near Goodwood House. Two trees attain a height of 48 and 53 ft., 
and a girth at 3 ft. from the ground of ri| and Ilf ft. respectively. The cir- 
cumference of the area covered by the branches ivS 180 ft. in the former and 
220 ft. in the latter. With regard to this latter tree, it is ''without doubt the 
finest cork-oak in tlie South of England. It is of remarlcable vigour, and in 
the autumn and early winter of 1911 (following the hottest summer on record) 
two cro])s of acorns were taken from this tree. Tlie acorns of the first crop 
were brown in colour and of abnormal size — many of them measured 1| ins. 
inlengthh” 

A'oung beech and ash occur throughout the wood, the former sometimes 
attaining under the prevailing canopy a height of from 2-4. ft., but is of very 
limited occurrence and table-topped. Younger beech are comparatively in- 
frequent and from an analysis of their height growth per annum clearly show 
that conditions are adverse to their growth, producing as they do the arched 
stem witli characteristic leaf mosaic of leader and branches — a feature not 
found in beech growing in the open. This feature, often referred to as a direct 
adaptation on the part of the beech to secure the maximum light available, 
can be used as an index of an environment providing less light than is recpiired 
for optimum development. Data giving the average annual growth of a number 
of 5-year old ])lants are recorded in Part I, and show, even under the improved 
light conditions, a rate of growth about 1/7 that of a plant g.rown in the open. 

^ J)le N<i(. \y alder dvr Sfd/wch, J9I0, p. 174. Rufoel, New P/if/t. 11, U)1C, p. 55, 

^ Lcm (U't'cnat-H merdlioirnhs {Mmsifde VAlgoual)^ 1015, p, 200. 

Tixas of I) dor eat at Goodivood^ 1912, pp. 21 and 22. 
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Young ash is of frequent occurrence. Some are erect up to 18 ins. in height 
bird 26 years of age^ but many have prostrate stems from which arise roots 
md erect shoots. These at first vsight appear as young plants, but when pulled 
Lp the three or four apparently separate individuals are found to belong to 
ne stem. It was impossible to obtain the age of these either by a count of 
he annual growths in length or b}^ a cross-section. Many indeed have been 
lit over and produced new leaders, whilst others, after attaining a certain 
.eight, have died back and produced new shoots from near the base. Clearly 
gain, although conditions allow of the ash attaining this age, regeneration is 
npossible and it is problematical whether, given sufficient light, these sup- 
ressed plants would ever develop into trees. On the other hand Jolyet^ says 
1 reference to beech that 'des semis de cette essence se maintiennent en 
xcellent etat de vegetation pendant de longues annees sous le convert de la 
oupe d’ensemencement, un pen diminue cependant par les coupes secondaires 
onduites avec prudence.’’ 

Ground flora. As compared with the Oxalis stage there is a considerable 
icrease in the number of herbs, those common to the two stages, showing 
)r the most part an increased frequency and enhanced growth. The newcomers 
ave, however, a low frequency, with the exception of Ajuga repans (o.-l.f.), 
isperula odorata (l.f.), Melica uniflora (o.-f.-l.a.) and Descham^ma caespitosa, 
hich is locally abundant near forest tracks and occasional throughout the 
ood. Both Viola syhatica (agg.) and Oxalis show a slight reduction in fre- 
uency. The latter plant is sometimes locally dominant (as is also Hedera) 
ad such areas may be interpreted as cases where Rubus has not yet completed 
8 migration. Soil borings were made to determine the depth of loam, but 
ns seemed quite adequate ht Rubus growth. Attention may here be directed 
) the fact that some individuals of Oxalis wexe flowering at Easter 1923 and 
ere noted as being in a more advanced state vegetatively than in the Rubus 
ages of seres 1 and 3. 

Mosses similarly show an increase in number of individuals, which may 
irtly be due to increased illumination but partly to the fact that at this 
age the leaf litter does not lie so thickly upon the ground. All the tree vstems 
■e covered with a thick mantle of bryophytes. 

The Effect of Wind on the Subsidiary Flora. The southern part of the f orest 
a.s felled some years ago, thus exposing the lower margin of the standing 
3od to the eifect of the prevailing winds. The ground has been swept bare of 
rves for some 100 yards or more into the wood and it is of interest to compare 
e vegetation in the interior of the wood with that subjected to the direct 
id indirect effects of exposure to this new factor. The following is a list of 
e species observed on the exposed ground, 

/ p. 132 , 
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Woody Plants, 

Herbs. 


Mosses. 


Crataegus monogyna r.-— o. 

Asperula odorata 

r. 

Brachythecium rutabuliim 

, 0. , " 

Hedera helix r. — La. 

Dryopteris filix-inas 

0. 

Catharinea undiilata 

o. 

Ilex aqiiifolium o. 

Epiiobium montanum o. 

— m.a. 

Bicranum scoparium 

o. 

Lonicera perielymenum o. 

Geranium robertianum 

r. 

Eurhynchium praelongum 

a. 

Rubus frutieosus (agg.) a. 

Hypericum pulchrum 

r. 

E. striatum 

0. 

Rusciis aculeatus i\ 

Luzula pilosa 

o. 

Eissidens taxifoliiis 

0. 

Viburnum lantana r. 

Melica uniflora 

r. 

Hylocomium loreum 

o. 

V. opulus r.— 0 . 

Milium effusuin 

o. 

H. triquetrum 

0.^ — -f. 


Oxalis aeetoseila 

o. 

Hypnum e upressiforme 

o.™ l.d. 


Senecio Jacobaea 

r. 

Isothecium myuruni 

o. 


V eronica officinalis 

r. 

Polytrichum formosum 

o. 


Viola sylvatica (agg.) 

1. 

Tlmidium tamariseinum 

o.—f. 


Mucii of the ground is bare and inconipJetely colonised, due not only to 
the small number of individuals present but to tlie elimination of many species 
found in the interior of the wood. And this reduction is not compensated for 
by the appearance of Epilobkmi 7mrdanum^ Hyperidiim pulchrum^ Senecio 
jacobaea and Veronica officinalis — the occurrence of the first three being no 
doubt due to the increased lateral illumination. The reduction in the frequency 
of the survivors is vSomewhat accentuated by their small size. Rubus^ although 
still abundant, has an average height of about 9 ins., having few stems and 
pale green leaves. The individuals are isolated and the stems of neighbouring 
plants do not intertwine. Oxalis is occasional only, altliough small groups 
sometimes occur, but all plants show small leaves. Melica is represented by 
one tiny plant and Viola is now local. 

Thus exposure to wind and increased illumination, by increasing transpira- 
tion, by the removal of leaf litter and the drying out of the soil, disturb the 
conditions favouring the growth of these woodland plants and the evidence 
indicates the dependence of Rubiis md Oxalis upon an adequate water supply 
and the inability of the soil supporting the consociation (sere 2) to supply 
this for the good growth of these plants in the absence of sheltering WT>odland. 

The Beech Consociation of Sere 3. 

The later stages of the consociation in sere 3 are well represented, but only 
one small area was discovered which corresponded in age to the Bare stage 
of the previous seres. 

Bare Stage, 

Tree Layer, In the unit area there are 208 stems of beech and 176 of ash. 
In this case the crown strata were not classified but a felled ash, 45 years of 
age, measured 52 ft. and the beech had outgrown it. The ground was littered 
with dead stems of beech and ash, but chiefly the latter. No oak was observed. 

Ground jior a. The subsidiary flora is conspicuously lacking in higher plants. 
Rubus is absent, wliilst ash seedlings are rare. Herbs are represented by the 
rare occurrence of Viola syhatica (agg,). Mosses are relatively well represented. 
Late Bare Stage. 

This refers to woods from about 80-100 years old, in whicli th<i essentially 
bare floor of the younger woods is maintained V 
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Tree4m/er. Woods 1.2 and 13 sliow a relatively dense stocking of beeck 
(4i and 37 trees per 100 feet square respectively) but compared witk woods of 
similar age in sere 2 (7, 8 and 9) the trees show a smaller girth. In wood 12 
with a northern aspect the beech measured 95 ft. in height and in wood 13, 
a marginal tree measured 100 ft., but those in the interior were esti- 
mated at about 90 ft. No ash was seen in either of the woods, but the oak is 
occasional. 

The herbaceous vegetation is similarly poor in species and in individuals 
and is insufficient to interfere with the general impression of a bare forest 
floor. It is of interest to note, however, the occasional local dominance of 
Hedera md the local abundance of Oxalis in one wood. In gaps the following 
additional species make their appearance: reptans, Asperula odomta, 

CHrmea lutetimia, Geraniwn robertianum B,iid Sanicula europaea. 

Mosses are well represented in species but have a very low frequency. 

Rubus Stage. 

This stage was shown by one wood, part of which (the southern portion) 
bad a loamy soil covering, whilst the major portion had a calcareous soil. 
[t thus shows certain characters transitional between seres 2 and 3. A count 
}f the rings of cut stumps shows a variation in age from 130-150. 

Tree layer. The total number of ''dominants'' is 21, composed of 19 beech 
ind 1 each of oak and ash. The girth of the ash is 2 ft. 11| ins,, the average 
)f two oaks 3 ft. 2 insi, compared with 4 ft. 9 ins. for beech. These data demon- 
;trate the slender character of the oak and ash stems. The beech in the southern 
mrtion varied in height from 86 to 98 ft., — ^the average of four measurements 
riving a height of 94 ft. In the calcareous part of the wood, where the total 
lepth of exploitable soil is about 24-30 ins., the height of the beech is from 
55 to 90 ft. The ash tree included in the sample plot is associated with oak, 
;his Species not being generally distributed throughout the wood, 

Shnd) layer. In the southern part of the wood, where the soil has a covering 
)f loam up to 12 ins. in depth, the subsidiary vegetation is better developed 
-han in the rest of the wood. The higher frequencies are generally recorded 
rombhis'part. 

On the loain Rubus attains a height of about 12 ins. but does not cover 
he ground so completely as in sere 2. On the calcareous soils the plants are 
vdder apart, from 8-9 ins. tall, and with pale discoloured leaves. The abundance 
■f Ilex is a notevvorthy feature of this wood. Along the southern margin it is 
iiuch more robust with many more leaves than in the calcareous part of the 
7ood, where it is sometimes locally dominant, but is a straggly plant with 
omparatively few leaves. It is however always erect, the procumbent forms 
r^hich are conspicuous iia sere 2 being very rare here. No seedling beech was 
bserved and young ash is of occasional occurrence only. One seedling of 
was recon^^ 
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Ground flora. In the list of herbs the higher (and local) frequency is recorded 
from the southern portion, whilst much of the ground in the rest of the wood 
is bare, showing however the same species but with a low frequency and small 
size. 

Throughout the major portion of the wood Oxalis is represented by scattered 
individuals, but along the brows of terraces and in the neighbourhood of 
tracks, which are of insufficient "width to influence the canopy, it becomes 
frequent. In the southern portion it is abundant. Oxalis is sometimes associated 
with Thuidium tamariscinum. This association has been frequently observed 
in gaps in the ash-oak zone of woodlands on a N.-facing calcareous slope in 
Stead Combe to the S. W. of Cocking. Indeed Oxalis was not observed here 
apart from a mossy carpet. 

Mosses also show a somewhat reduced frequency. The tree stems are again 
covered with a mantle of bryophytes. 

The Beech Consociation in other Areas. 

South Downs, 

West Dean Estate, To the west of the Goodwood estate, lies the estate of 
West Dean. Most of the ■woodlands there are coppiced forms of the ash-oak 
associes, but planted, even-aged beechwmods occur. The application of the 
system of classification adopted for the Goodwood area shows that one wood 
belongs to sere 3, another (recently felled) to sere 2, whilst a third, of somewdiat 
varied character, is most nearly related to sere 3. 

Ditcham Park Estate. The beechwoods on this estate are classified by 
Adamson into the “beechwoods on the chalk,’’ and the “beechwoods on the 
plateau.” The former are relegated to sere 4. It is doubtful if the latter liave 
grown up under conditions comparable to those obtaining at Goodwood. 
Oxalis is recorded only as a rare plant from one of the woods, but it is of interest 
to note the luxuriance of “abundant” Ruhiis leucoslachys (with frequent 
R. nisticanus) in one of the woods and its local abundance in the two others 
described. The general description regarding the shrub layer and the ground 
flora suggests the relegation of two of the wmods to sere 3 and one to sere 2. 

Cotteswoldes. . ... ■ ■ . 

The succession of plant communities described in Section I is not nearly 
so obvious on the Cotteswoldes nor on the Chilterns, for in both areas, enclosure 
with intensive grazing and cultivation sets definite limits to woodlands. In 
neither of these areas have the woodlands been examined in detail. On the 
Cotteswoldes the plateau beechwoods are isolated, often mixed with oak, and 
in many cases of small extent with a composite ground .flora. In one locality 
common land has been invaded from the escarpment beechwoods and now 
bears a wood with trees about 45 ft. tall growing on a sticky loam IG ins. deep. 
Most of the trees have more than one stem. The ground flora is similar to the 
Oxalis stage with Oxalis, a,, Viola siflvtMca^ a., DeseJmmpsia vaespitosa, o., 
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Ajuga reptanSy li., Aspemla odomta, and Carex sylvatica, Rosa arvensis and 
Rubus fruticosus (3-6 ins. tall) also occur. The above suggests the sequence 
observed on the South Downs. 

CJiilterns, 

In the beechwoods on the Hampden estate selected trees are cut and 
manufactured on the spot. The woods are for the most part even-aged and 
contain many oaks among the beeches, which, from the cut stumps, appear to 
grow more slowly than the beech of sere 2. The following details of the girth 
and height of four beeches of sere 0 were kindly supplied by Mr Hobart- 
Hampden. 

(1) Circumference at breast-height 3 ft. 1 ins.; height 63 ft. 


(2) 

' 5 ’ 

5 5 

3 ft. 10 ins. 

» 70 

(3) • 

55 

. 55 ■ 

3 ft. 6| ins. 

» 78 

(4) 

55 

55 

5 ft. 21 ins. 

=, 86 


Beech trees on the South Downs with similar girths attain a much greater height. 

The Oxalis-Rubus sequence has not been observed, but in the gaps a core 
Df Rubus with peripheral Oxalis may occasionally be seen, in one wood with a 
meagre ground flora. In older woods, Rubus, which is a prominent and often 
dominant plant, is frequently accompanied by a vigorous growth of tall 
ymBseB—Deschampsia caespitosa, Festuca gigantea, Milium effusum and Elymus 
suropaeus. Polytrichum formosum is also prominent. Among the plants not 
recorded from Goodwood are Holcus mollis, Stellaria holostea, Elymus europaeus 
mA Luzula multiflora. Mention may also be made of the fact that under 
isolated beech ocmt Eolcus mollis, Deschampsia flexuosa, Festuea ovina, 
Agrostis tenuis and Poa pratensis — forming a plant covering similar to that 
in some beechwoods in the north of Scotland. Such an assemblage of plants 
lias not been observed either on the South Downs or on the Cotteswoldes. 

Discussion and Interpretation op Kesults. 

Comparison of the beechwoods belonging to the difierent seres is rendered 
difficult for a number of reasons. In the first place the number of adult woods 
examined is limited and the mature wood of sere 1 has not been seen. Then 
sere 4 has not been investigated from the standpoint here adopted and the 
iresence of non-woodland species in Adamson’s lists indicates that we are 
rot dealing with a wood with a continuous canopy as in the beechwoods 
it Goodwood, which also cover large areas and whose flora is not influenced 
)y lateral iUiimination. Finally the Chiltern woods belonging to sere 0 have 
lot been investigated in sufficient detail to permit of close comparison. 
Attention will therefore be directed to salient points and inferences made by 
lontrast of the extreme seres. 

We are dealing with woods whose soils through leaching form a series with 
espect to such soil factors as depth of loam, acidity, humus content, texture 
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and, presiimably water, conteiit. Tlie various complexes of factors are .aecom.- 
pauied by obanges ia tlie flora, whose variations in species occurrence, fre- 
quency and degree of luxuriance may be related to these. 

We may note in the first place the essentially herbaceous facies of the 
subsidiary flora in sere 4, whem Sanicula, Ajuga, Viola silvestris, Euphorbia 
amygdaloides^ Asporula odorata, Mereurialis peremiis and Lanivmn galeobdolon 
are the prominent plants. In sere 0 the herbaceous facies is obscured by 
conspicuous Rubus and tall grasses, among which Deschamipsia caespitosa and 
Milium effusum/ Me tlie most This change is already noticeable 

in sere 2 -wheie Deschampsia is locally abundant, and the occasional occurrence 
of this plant in the immature woods of sere 1 seems to indicate that it will 
play a conspiGuous part in determining the facies of the mature wood. 

Prominent among the plants present in sere 4 but absent from sere 0 are: 
Clematis, Cornus, Euonpnus, Ligustrum^ OepJialayU^^ grandiflora, Mereurialis 
peremiis and Fmto Mrto, whilst Luziila pilosa, Oxalis acetosella, Holoiis mollis, 
Milium (^usuin, Poa triviaUs, and Stellaria holosiea arc absent from sere 4 
and present in sere 0. The flora of sere 0 still retains many species more generally 
associated with basic soils but the typical calcicolous facies is lacking. The 
presence of such species as Holeus mollis, Digitalis purpurea, Luzula mMltiflora, 
Hypericum pulchrtim, (the last three recorded from a large gap and not included 
in the list) emphasise the acidic tendency. Comparison of the oak consocies 
with the oakwoods on siliceous soil cannot be made because the former are 
undergrown with young beech and the subsidiary flora to all intents and pur- 
poses is that of a beechwood which has not yet reached maturity, but the 
available evidence seems to relate the flora to the dry facies of the damp 
oakwood. 

The hornbeam {Oarpinus beiulus) has been observed in pre-climax woods 
on the CMlterns but apart from hedgerows, where it is probably planted, it 
has not been seen on the South Downs. 

Variation in frequency is often accompanied by alteration in the degree 
of luxuriance. In sere 4 the oak is a rare plant, whilst in sere 0 it is an occasional 
to a frequent constituent. Owing to the lack of definite data it is not known 
whether the increased competitive power of the oak is due solely to enhanced 
growth or to a falling ofl in the competing ability of the beech, for as already 
pointed out beech appears to grow more slowly on the Chilterns thanmn the 
South Downs. Possibly both factors are operative. Young sapling oaks are much 
more common in gaps in sere 0 woods than in any of the other seres. The 
competing power of the ash seems definitely to have reached its maximum 
under the complex of factors present in sere 1, for as already pointed out it 
holds its own with beech for a progressively longer time as we pass from sere 4 
to sere 1. On the Chilterns however ash is not represented in the oak consocies 
nor in the beech consociation of sere 0. Young ash plants, slow grown like those 
in South. Down beech woods, were observed as occasionals in one beechwood, 

Journ of Eeolo-y XfJ.i , 5 
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and ash is a locally doininant plant in the serai stages observed on common 
land (the depth of the loam was not determined). It may be mentioned here that 
ash was absent from some sheltered valley slopes where it would have occurred 
in such situations on the South Downs, but was observed locally abundant 
ill gaps in a plateau wood showing affinities with sere 3. The above observations 
are in keeping with its known distribution in oakwoods, where it is abundant 
in the basic or neutral damp oakwood but is absent from the acidic dry 
oak wood and suggest that progressive leaching of the chalk has ultimately 
brought about conditions hostile to ash growth. 

Increased frequency and enhanced vigour of Rubus fruticosus (agg.) go 
together as we pass from sere 4 to sere 0. In sere 4 this plant makes an un- 
important contribution to the subsidiary flora. In sere 3 it is abundant to 
locally dominant— the latter frequency being recorded from soils with a 
covering of loam. Where the soil is shallow and calcareous, Rubus is less 
abundant and less luxuriant and throughout the mature wood of sere 3 is 
on the whole a rather cAest?/ straggling plant rising to an average height of 
about 9 ins. In sere 2 the plant forms for the most part a continuous cover, 
is more robust, with greener, healthier looking leaves and attains an average 
height of about 18 ins. In sere 1, in the immature wood described, Rubus 
does not cover the ground quite so well as in sere 2 but the general vigour is 
maintained if not surpassed, and it seems reasonable to suppose that with 
further reduction in the number of trees, Rubus would Mam a more robust 
and luxuriant growth. In some parts of the Ghiltern plateau woods the 
most vigorous and healthy looking Rubus was observed — this plant forming 
a formidable obstacle to beech regeneration. It is thus evident that growth 
conditions become progressively more favourable as we pass from sere 4 
to sere 0. 

The holly is an associate of the oak on drier soils, and this is confirmed by 
Salisbury^ for the Hertfordshire woods where it is more commonly found in 
woods of Quercus sessiliflora. It occurs in all the climax beechwoods. In sere 4 
Adamson records it as occasional, but locally very abundant in Head Down 
Hanger. In sere 3 it is abundant to locally dominant— the latter frequency 
on thin loams, where the shrub is also more luxuriant than on calcareous soil, 
on which the plants are straggling and have few leaves. In the mature wood 
of ^em 2 . Ilea: typically forms low dense undergrowth. A similar growth form 
has been observed in the OxaMs stage of sere I, in the Rubus stage of which 
t is occasional to frequent. In sere 0, apart from its local dominance in one 
vood, it is only occasionally found. The above record of its distribution again 
nnphasises the preference of Ilex for permeable soils. 

Other plants, chiefly tall grasses, show; (on the Chilterns) increased frequency 
ombined with more vigorous growth. Prominent among these are Deschampsia 
aes'pilosa, f.-d., Festuea gigcmlea, f.»l.d. With 

hese may be mentioned Pteridium aquilinum, which is occasional to locally 
^ This Journal, 4, 1016, p. 49, 
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dominant in sere 0 woods,. On the other hand Brachfpodiumi sylvcdicmn shows 
a' reduced .frequency. 

Some inquiry may now be made into the causes of the occurrence of Oxiilis 
as recorded in these woods. As pre\doiisly pointed out, there is no correlation 
between the observed distribution of Oxalis and the light intensity, and this, 
at least in seres 2 and 3, is not the factor determining the Bare mil~Oxalis~ 
Rubtis development. x4gain the low acidity of the seres with calcareous soils 
cannot be considered as limiting to Oxalis for this plant grows luxuriantly in 
wood 7 on a soil with a of 7*1. The higher values (up to 8*5) may 
conceivably be limiting to Oxalis, but a pH of 7*5-7*9 is not^. 

To explain the distribution of Oxalis the hypothesis is advanced that soil 
water content is the deciding factor. Whilst this has not been submitted to 
the test of experiment the following observations seem to establish a reasonable 
possibility that this is so. 

We may remind ourselves that the calcareous soils of sere 4 are shallow 
and permeable and occur on slopes with a rapid run off, and that as we pass 
from sere 4 to sere 0 the total depth of soil increases. This is generally (although 
not necessarily) accompanied by an increase in depth of loam, wdiose texture 
also becomes closer and more compact. The deeper and less permeable soils 
will have a more eustatic water content, being less liable to dry out than the 
shallower and more permeable soils. Further, on the shallower soils the beech 
roots are necessarily limited to the superficial layers, where root competition 
will be keener than on the deeper soils with a larger exploitable volume at 
the disposal of the accommodating root system of the beech. In this con- 
nection reference may be made to the finding on p. 45, where from a study 
of the behaviour of ash and beech in mixture it was concluded that competition 
was keener on the shallowTu* soils. 

On this hypothesis the absence of Oxalis from sere 4 is attributed to the 
lack of suitable water conditions and the frequent association of this plant 
with a carpet of Thuidium tamariscinum on a north-facing valley slope suggests 
that the mossy carpet induces conditions which permit of Oxalis survival 
and growth. Again the appearance of Oxalis in seres 2 and 3 is believed to be 
delayed until such time as the root competition of a diminishing number of 
trees becomes progressively less severe until a point is reached when Oxalis 
can establish itself. Thus Oxalis occxm in sere 1 when there are 200 stems 
per 100 sq. ft., in sere 2, 32 to 48, and in sere 3 when the number is reduced 
to 24. This is supported by the fact that Orafe occurs in gaps wdiilst it may 
be absent from under a continuous canopy where the light intensity is above 
the minimum iot ' Oxalis, Observations of a like character point to a similar 
conclusion, e.g. the occurrence oi Oxalis dlong the brows of terraces where the 
soil is deeper, in forest tracks where the cart wheels have severed the beech 
roots, and occasionally at the bases of trees where the soil is better watered 
from the acciimulated rain running down the tree trunks. 

Olsen. €otnpk rend, d, Trav, d. Lah, Varlsherff, IB, 
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In support of tliis contention, reference may be made to tbe response 
nade by Oxdis to tlie removal of beech root competition by digging a trench 
vhicli severed the beech roots round a small area^. When examined in April 
1920 following the cutting of the trench the Oxalis inside the area showed much 
earlier development with expanded leaves and numerous flowers, whilst out- 
side, the leaves were still folded and few flowers observed. In J uly of the same 
^rear the diflerences related chiefly to the slightly greater size of the leaflet 
md its deeper green colour inside the enclosure than outside. These observa- 
ions indicate that Oxalis had benefited by the absence of beech root competi- 
don. Similar results were obtained at Craibstone where outside the enclosure 
Jxalis was represented by rare and puny individuals whilst inside it showed 
dgorous growth and was accompanied by other plants which appeared for 
he first time. 

In these experiments at Goodwood the areas were enclosed by a wooden 
camework, extending about 9 ins. above soil level, and covered by wire 
.etting of in. mesh. This excluded the annual fall of leaves, so that by 1923 
lie leaf litter in the enclosure had practically disappeared. In that year the 
fllowing notes were made upon Oxalis, At Easter in the control plot (not 
irrounded by a trench) there appeared only three small leaves of Oxalis, 
'hilst in the other plot (surrounded by Oxalis was recorded as frequent 

ad further advanced vegetativeiy than outside the area. In August, in the 
>ntrol plot there were only 10 leaves showing with an average diameter of 
in. In the ^Hrenched’’ plot there were 200 leaves with diameters varying 
oni i to I in. whilst outside the leaves were variable but up to 1| in. in 
iameter. 

In both the plots mentioned there has eventually been a very marked 
scline both in number and degree of luxuriance of the Oxalis plants; but 
lis is most apparent in the control plot. The interesting point brought out 
. the later stages of the experiment is the apparent correlation between the 
sappearance of the leaf-litter and the reduced number and vigour of Oxalis. 
milar observations have been made elsewhere. For example, in the grassy 
?-ecliwoods on siliceous soils, Oxalis is a rare and tiny plant in those parts 
Deschampsia flexuosa is dominant. From these parts the beech leaf 
ter is blown away by the wind. Where Hohus mollis is dominant the beech 
wes accumulate and there Oxalis is a luxuriant and sometimes a very 
uindant plant. Again, reference may be made to the wind-swept southern 
argin of Charlton Forest, where the reduction in frequency and degree of 
xuriance of Oxalis has already been pointed out. The foregoing observations 
d experiment demonstrate the importance of leaf-litter to the welfare and 

i This experiment was originally designed to exclude rabbits, birds, etc., and plots were 
rounded by wooden frameworks and covered with wire netting. Round one of the plots a 
uch (subsef(uently refilled) was dug. The Omlis in the control plot was less luxuriant than in 
area surrounded by the trench. The enclosing boxes do not seem to be in any way responsible 
the observed changes in the luxuriance of Oxalis inside the enclosed plots. 
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survival. of Oxalis,. The time „of appearance of Oxalis in the different, seres of 
the Goodwood area cannot be correlated with the .leaf litter because this is 
of practically uniform depth throughout. 

The evidence from the occurrence and degree of luxuriance of Rubus also 
supports the water supply hypothesis. Here again there is no obvious correla- 
tion between light intensity and the presence and vigour of Rubus, which shows 
similar dwarfing in the Bare stage of sere 1 (light intensity 1/37) and the 
Late Bare stage of sere 3 (1/22). On the other hand, as previously pointed out, 
there is a correlation between soil depth and the degree of luxuriance attained. 

That soil water content is the deciding factor seems indicated by the above 
relation and is supported by observations on the behaviour of Rubus after 
the dry summer of 1921^. For example, Rubus wm recorded in 1921 as co- 
dominant from some gaps in wood 9 (sere 2) but was barely noticeable in the 
following summer ; and in a gap in the Rubus stage of the same sere, the position 
of dominance had been attained by Rubus, under the shade of which a light 
intensity of less than 1/100 was obtained, but in 1922 the shade cast by the 
straggling stems was qtiite insufficient to prevent the growth of herbaceous 
plants. Additional support is lent to the above by the reduction in frequency 
and size of the plants in the wind-swept zone of Charlton Forest. 

These observations relating to Oxalis and Rubus apply generally to the 
associated species of the ground flora and suggest that the chief factor re- 
sponsible for the recorded floristic differences is the soil water content. In 
sere 0 other factors, such as acidity, deficient soil aeration and soil texture 
may assume critical importance. 

SUMMARY OF SECTIONS II AND III. 

In Section II, the modus operandi of beechwood reproduction is described. 

Some preliminary remarks are made regarding beech mast production in 
this country. Full mast years occur at irregular intervals, during which partial 
crops occur, but the depredations of animals upon the nuts and seedlings tend 
to limit successful regeneration to years of full crop. 

The beech is a heavy seeded tree and the wind as a dispersal agent is 
operative only where it has free play. In beech high forest the nuts as a rule 
drop vertically downwards. 

Under existing conditions seedlings survive only in gaps where young beech 
forms a zone peripheral to a central area occupied by a variety of plants. These 
gap floras axe analysed and the species, species frequency and degree of 
luxuriance are correlated with the size and age of the gap and the age of the 
beechwood when the gap was formed. The relation of this gap flora to beech 
seedling survival is discussed. 

When the formation of a gap coincides with or approximates in time to a 

^ The annual rainfall at the nearest station (West Bean Park) was as follows; 1920, 37-32 ins. ; 
1921, 21-45 ins.; 1922, 37-26 ins. 
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\ mast year a peripteral zone of beect frequently encloses a central core 
bte more mobile woody species sucli as ast and sycamore. If formed in 
intervals between mast years the gap may be fully colonised by tMckets 
isli, wticli when young are impregnable to beech, but in which in later life 
ch growth is rendered possible by the opening out of the ash canopy. The 
sequent development of such reproduction circles is outlined. 

This study of the reproduction explains the even-aged character of the 
n stages of the beech associes and of the beech consociation. 

In Section III the structure and life history of the beech consociation are 
3ribed. 

The life history of the wood begins with a mixture of ash and beech. With 
ease in age there is a decrease in the total number of stems per unit area, 
relatively more ash are eliminated than beech. At certain ages varying 
ie different seres ash is definitely relegated to a subordinate place and the 
ure wood is over 90 per cent, beech. 

Che above changes are accompanied by changes in the subsidiary flora, 
irst the ground vegetation is practically absent; then Oxalis acetosella 
mes dominant: finally a shrub layer dominated by Rubus fruticosus (agg.) 
es its appearance. Three stages in the life-history of the wmod are thus 
nguished, viz, Bare, Oxalis and Rubus stages. 

Jpon the basis of the time of appearance of the Oxalis and Rubus stages 
le life history of the beech consociation, the South Downs plateau woods 
I been relegated to seres 1, 2 and 3. Adamson’s '^beechwood on chalk” — 
aguished by the absence of Oxalis and a distinct shrub layer — ^is added 
ue 4 and certain woods on the Chiltern plateaux as sere 0 {v, diagram, 
:). These last have not been investigated in detail. 

>ata regarding soil depth, soil texture and hydrogen ion concentration 

ort the above flioristic separation. It is shown that light is not the only 

r determining the Bare mH-Oxalis-Ruhus development. 

bructural details are then given of the three stages of the different con- 

tions. In each stage the crowm canopy is analysed as well as the subsidiary 

lation. The following are the most important points brought out by this 

■sis.,, 

lie ultimate height growth attained by beech is greater by about 10 ft. 
e 2 than in sere 3. The available evidence indicates that the height growth 
3ch in sere 0 is less than in sere 2, and that the best growth of beech is 
led under the complex of factors bearing sere 2 vegetation or under a 
lex between sere 2 and sere 0. 

ih is present as an occasional tree in the canopy of the beech consociations 
- are the climaxes of seres 1, 2, 3 and 4 but is absent from sere 0. Despite 
ahanced growth of beech the competitive power of the ash increases 
/ely to that of beech as we pass from seres 4 to 1. Pure beeohwood is 
ore formed soonest in sere 4 and is delayed longest in sere 1. Thus 
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sere 1 provides the conditions conferring the maximum competitive powers 

on ash. 

The data a^’^ailable indicate that the competitive power of the oak is in- 
creased as we pass from sere 4 to sere 0, 

A definite shrub layer is not formed in sere 4, but occurs in the other 
four seres. This is dominated by Rubus fmticosus (agg.) but in sere 3 Ilex 
aquifolium is locally dominant. The degree of luxuriance attained by Rubus 
increases as we pass from sere 3 to sere 0. 

Floristically the ground vegetation is similar in seres I, 2 and 3, but varies 
in the time of its appearance in the life-history of the woodland. In sere 4 
the subsidiary vegetation has a distinctly herbaceous and calcicolous facies 
and in sere 0 tall grasses are often locally dominant and the facies is decidedly 
more acid. 

Data respecting the degree of luxuriance attained by Oxalis, Rubus and 
other members of the ground flora, the behaviour of these in the various con- 
sociations and when exposed to wind provide evidence for the hypothesis that 
the Bare soil-Oxalis-Rubus development is partly determined by root com- 
petition of the trees and that the appearance of the subsidiary vegetation is 
delayed until such time as root competition becomes less severe finally per- 
mitting of the establishment of a ground flora and a shrub layer. 

The present work shows that certain characters of the subsidiary vegeta- 
tion may be correlated with the growth of the dominant trees. 

APPENDIX. 

THE STATUS OE SYCAMORE. 

Although not a native of this country, the sycamore {Acer psetuhpkdamis) 
has become an established member of our woodland flora. In the woods of 
the Goodwood area it is not a frequent, generally distributed, tree but it is 
locally very abundant in the beech associes, sometimes indeed taking almost 
entire possession of gaps. Gaps in the woods of Denmark may be similarly 
occupied^. Its local occurrence is no doubt due in the first place to sporadic 
planting, but most of the present growth is undoubtedly subspontaneoiis, 
competing with both beech and ash. A further study of these local areas will 
serve to show” the effect of the introduction of the sycamore and some index 
of its probable future place in these woods wdll he obtained. 

The sycamore in canopy produces mobile seed abundantly and annually 
after it has attained 40 years of age. The seed germinates freely and the 
seedling is almost immune from rabbit attacks, although the sapling is liable 
to be pieeled later. Rliylmm acerinum {Q>ggl) however acts as a severe check 
upon seedling growth particularly under deeper shade. 

In its light demands the sycamore occupies a position in tlie scale of 
^ Warming. Bot, 35, 1919, p. 5S5 
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tolerance between beecli and ask, but is muck nearer tke former wken adult- 
trees are compared. Like tke ask sycamore seedlings can persist wkere beeck 
seedlings die^ but skow a slow rate of growtk, attaining a heigkt of 4-6 ins. 
in as many years. 

With regard to its soil demands Matkieu^ says that these are tke same 
as for tke beeck, its ''bonne mnuP' indicating a fertile soil rick in nutritive 
mineral elements. Altkougk not absent from tke shallower soils tke sycamore 
is at present found most abundantly on tke deeper loams of tke Goodwood 
'.area* 

According to tke authority cited tke sycamore’s rate of growth in youth 
is rapid and at 30 its height is twice that of beeck of the same age ; later this 
rate of growth slows down and at commercial maturity tke yield is muck tke 
same. With regard to tke longevity of the tree Loudon^ states that it is ‘'from 
140-200 years, though it has been known of a muck greater age,” and it 
“arrives at its full growth in 50 or 60 years.” 

Thus tke sycamore is endowed with a combination of qualities which are 
divided between beeck and ask, viz. shade bearing capacity and ease of seed 
dispersal combined with frequency of seed production. It thus can compete 
with ask for vacant ground and with beeck for a place in tke canopy of the 
mature wood. 

Sycamme Y. Ash, 

Tke frequency of seed production, tke age at which this occurs and tke 
adaptations for, and tke agents of, seed dispersal are very similar in these 
two trees. Tke immunity of sycamore seedlings to rabbit attack confers an 
advantage over the ask but like beech seedlings they do not seem to possess 
the recuperative capacity of this tree. 

In tke absence of the animal factor the success of the sycamore in competi- 
tion with ask will be determined by the former’s greater tolerance of shade. 
In a planted wood of ask and sycamore occurring in about equal proportions, 
with local pure consocies of each, tke ash had attained a height of about 60 ft., 
while tke sycamore formed a sub-canopy at a height of 50-55 ft., reminding 
one of the similar relation existing between ask and beech in the earlier stages 
of tke development of tke beeck consociation. The relative capacity to bear 
shade may be deduced from the occurrence and height growth of certain con- 
stituents of the undergrowth, e.g. Sambmus attains a heigkt of 10-12 ft. 
under tke canopy of ash, of 3 ft. under mixed ash and sycamore, whilst it is 
absent from tke consocies of pure sycamore. The ground flora reflects similar 
variations. 

In another wood where occur several secondary consocies of sycamore of 
different ages and varying in height from 25 to 40 ft., the subsidiary vegetation 
consisted, in the younger communities, of an occasional Rubus and young ash 
6-7 ins. high and 4-5 years old, whilst in the older the number of species present 
1 l c . 1897, p. 39. 2 1354^ p 
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was greater and young asli of similar height were met with. No case has come 
under my observation where ash has attained any greater height than tMs 
under a canopy of pure sycamore of this age. 

Sycamores. Beech, 

The contest between sycamore and beech presents many features similar 
to that between ash and beech but by reason of the greater shade-bearing 
capacity of the sycamore the opponents are more evenly matched. Under a 
sycamore canopy it is found that ash attains a greater height than under a 
canopy of beech of corresponding age. Again under the canopy of an oak 
consocies, beech, sycamore and ash formed an undergrowth, but the last, 
which had attained a height of 12-15 ft., had not the healthy vigour of the 
two former. 

Now where all three trees occur, in addition to oaks, birches and elms, it 
is found that the gaps are filled either by a pure group of sycamores or of ash 
or of the two in mixture. Occasionally we find a central core of mixed ash and 
sycamore surrounded by a ring of beech and sycamore. Also it was observed 
that under a canopy of oak-ash-birch, sycamores had formed an underwood 
and attained a height of 40 ft. Now the planted parent sycamores had attained 
the same height as the older trees in the mixture so that it seems likely that 
the sycamore left to itself will oust the more light-demanding dominants such 
as birch and ash. 

It seems probable therefore that, where beech, ash and sycamore occur 
together, the ash will to a large extent be replaced by the sycamore, which, 
equipped with a mobile and frequently produced seed and with a degree of 
shade tolerance approaching that of beech, will continue as a rival to the 
beech. Whether on certain soils there will be formed an association of beech 
and sycamore, like the beech-maple climax of eastern North America, cannot, 
in the absence of further observation, be definitely asserted. 

In conclusion, to Mr Tansley, who, during this investigation has given me 
much encouragement by kindly criticism and suggestion both in the field 
and during the writing up of results, I am especially indebted, I have also to 
acknowledge with gratitude the financial assistance given by the Carnegie 
Trustees without which the work could not have been carried out. 


8 PARTIN A TOWNSmDII; ITS MODE OE ESTABLISH^ 
MENT, ECONOMIC USES AND TAXONOMIC STATUS. 

By F. W. OLIVER. 

(With Plate I and eight Figures in the Text,) 

Having regard to the fact that it is fifty or more years since Spartina Town- 
sendii first appeared from the unknown in skeltered waters about Southampton, 
it might be judged remarkable how little precise information about it has 
found its yvay into the literature of botany. It is not as' though this were a 
rare or obscure plant with a secret locality closely guarded by the initiated. 
For thirty years, certainly, S. Toimsendii has stood in the light of day, visible 
to every passer by, the most conspicuous feature in every landscape which it 
has invaded. Its spread from the point where it was originally discovered has 
been continuous and remarkable. First operating in its home waters, it 
gradually found its way on the mainland to Hurst Castle in the west and to 
Chichester Harbour in the east, at the same time occupying the sheltered 
localities along the shore of the Isle of Wight. It has since spread by natural 
agencies west and east along the south coast to Poole Harbour (1899), Christ- 
church Harbour (1913), Pagham Harbour (1918) and Rye (1921), whilst on 
the French side of the Channel it was reported in 1906 (Vire and Saire), and 
in more recent years has penetrated into the estuaries of the Seine (1916), 
the Orne (1918), the Touque (1922), and the Elorn, near Brest (1921). The 
recent rapid spread in the north of France has attracted considerable attention 
among botanists (Fig. 1). 

The normal habitat of Spartina Townsendii is soft tidal mud extending 
not farther than 3 ft. below the high-water mark of spring tides. These muds 
usually (perhaps always on the south coast?) carry a close felt of Zostera nana, 
and, in the absence of Spartina, so remain. For centuries, apart from the 
Zostera, these muds must have remained bare, till the accident of Spartina^ s 
arrival provided a further and surprising next stage in the succession. With 
the establishment and meadowing of Spartina, the Zostera is effaced, and 
Spartina reigns in its stead. This may perhaps be a direct result of light- 
screening, but the matter has not been particularly investigated. It has, 
however, a certain importance, as the sequel will show. 

At the edge of a Spartina-^Adi, where the ground begins to slope down to 
the creek, there remains generally a zone of Zostera free from Spartina in- 
vasion. The areas of these two plants do not absolutely coincide— the 
being able to reach down a trifle lower. It may be that the conditions on these 
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slopes are iiiisiiitable ioi Spartina in consequence of tke longer period of tidal 
immersion. Roiiglily, 6 liours^ immersion per tide is tke limit which Spartina 
■ can tolerate. ^ 

Before leaving the subject of distribution it may be pointed out that in 
addition to the normal non-colonisation by Spartina of these Zostera-MngcB 
there exist apparently suitable areas under upon which no plant of 

Spartim gains a footing. This failure to colonise is conspicuously illustrated 
at Poole Harbour by a number of mud banks in various positions just within 
its mouth. Evidently there is something in these situations, otherwise favour- 
able, which prevents establishment; but whether the determining factor is 
scour or the higher salinity of the water, there exist at present no data to 
. decide. V 

Colonisation by Spartina seems to follow the same general method of 
procedure in all cases. Single plants, dotted about, make their appearance as 
little tufts arising from seed. These rajhdly expand through the agency of 
creeping stolons in the mud — a matter of some feet per annum— the tips of 
the stolons" bending upwards to form the haulms of the grass, which in their 
turn tiller at the base. Hoots of two kinds are freely produced; long, un- 
bran ched descending roots penetrating the mud to a depth of several feet 
(the extreme length found by me being 4 ft.) and serving for anchorage; and 
secondly, tufted, branched roots at the surface level, concerned especially 
with nutrition (Fig. 8). 

Taking an area of 1 sq. decimetre (100 sq. centimetres) from a typically 
meadowed flat, the number of descending anchor-roots will be about 
200 (2 per sq. cm. or 13 to the sq. inch). The green shoots of the current year 
rising from this patch will number about 24, whilst some 30 underground 
rhizomes should also be found, not counting numerous buds not in the 
elongating phase. 

The anchoring roots arise from the base of the stocks where the green 
shoots are attached and also from the joints of the rhizomes. Whilst they are 
mainly unbranched, some, which are inserted rather higher up on the stock, 
carry lateral roots on the proximal 2 inches, whilst distally they descend, 
unbranched, into the soft, deep mud. 

The nutritive roots form a dense plexus in the upper few inches of the mud. 
They are of limited extension, are inserted at a slightly higher level on the 
stools, and grow in various directions — vertically and obliquely upwards, 
horizontally and obliquely downwards. From the statement in the preceding 
paragraph it will be gathered that there are roots transitional between the 
extreme types; that a certain number of the anchoring roots perform in 
addition a nutritive function to a limited extent. 

The clumps of Spartina, as they expand, commonly show a well-marked 
“marginal efiect,” i.e. the peripheral haulms exceed considerably in height 
those more centrally placed, so that the patch has a saucer-shaped appearance. 
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Witt furffier extension and massing of the units the same effect is seen at the 
margin of the area converted into ‘">Sj}ari5ma>meadow.” The nsnal height of 
full-grown plants is 2-3 ft., varying according to season and location. Older, 
crowded planfcs reach the lower of these heights. 

Colonisation is aceompanied by a rise in ground level, due to silting. The 
permanent system of the plant holds mud and humus, the level is raised and 
the mud consolidated. In the Southampton and Poole Harbour areas it is 
not possible to stand on ground being colonised, and mud boards must be 
employed. Where ‘'meadowing” has occurred the ground can be walked 
upon without special precautions. 

To illustrate how quickly meadowing takes place two photographs of the 
same landscape taken from the same spot are reproduced here (Pigs. 2 and 3). 
The view is Holes Bay, Poole Harbour, looking across from the west side in a 
north-east direction. The earlier photograph (Fig, 2), showing the early 
phase of colonisation, was taken in June, 1911, by Mr E. V. Sherring. The 
patches are about 2 ft. across. The second view (Fig. 3) was taken by me in 
June, 1924. In the interval of 13 years the small scattered patches have 
spread and fused into an all but continuous meadow. The distance of the 
railway at the back of the picture is between f and | of a mile from the 
camera. 

Others of Mr Sherring’s photographs taken in 1911 stand in precisely the 
same relation to the present-day distribution as the one reproduced. Another 
of Mr Sherring’B series, which was used as the frontispiece to Carey and 
Oliver’s Tidal Lands (1918), shows the same order of ^Spafllw/i-density as 
Fig. 2 above; at the present time the muds are here carpeted by an unbroken 
sward of Spartina, as seen from the original view-point. 

A further illustration of the same thing is given in Fig. 4, taken from the 
French side of the Channel. In 1906 the French botanist Coxbike reported 
finding a few scattered tufts of Spartina Townsendii in the Baie des Yeys 
(‘^quelques touffes espacees, pen nombreuses”), the estuary of the rivers 
Taute and Vire, near Carentan, in the angle between the Cherbourg peninsula 
and the north coast of Normandy. In 1923, visiting the locality, I found what 
would be some 4 sq. miles of this estuary densely packed with the plant. The 
photograph (looking north) was taken from the sea wall 1|- miles west of the 
village of St Clement, on the east side of the estuary. The expanse of Spartina 
greatly exceeds any single stretch in Poole Harbour or the Solent, and is 
probably the most striking landscape of the kind in existence. The spread 
from a few scattered tuf fcs to the present condition, which fills the horizon, is 
the work of 17 years. 

A characteristic feature in the manner of extension over an invaded area 
must be described here. After the first invasion and establishment of small 
scattered imits, the further spread is by no means equal everywhere. 

Whilst the original units appear to be distributed at random over the flats 
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between tbe various creeks, tbe further peopling of the area is carried out 
(certainly in many cases) according to a perfectly definite scheme. 

An arm of such an estuary as Poole Harbour is fed by a mam channel, 
which, passing landward, divides repeatedly into lesser creeks, the ultimate 
ramifications of which interconnect like the capillary veins of a foliage leaf. 
In this way the muds are divided into areolae or compartments, separated by 
creeks. From the nature of the case some of these compartments will be 
entirely bounded by creeks, whilst others will be bounded in part by creeks, 
in part by the shore. When Spartina begins to mass the massing does not 
take place uniformly within the compartmente, but peripherally along the 
margins. So that at a certain stage the compartments are presented as 
irregular figures with sinuous outlines, with the principal density of Spartina 
at the edge. The interior parts are still relatively open, but as time goes on 
these become gradually filled in until the only open water remaining consists 
of the creeks and ''lakes’’ — areas where the depth is too great for Spartina to 
settle. The phase prior to complete meadowing is shown in Fig. 5, taken from 
the point marked A in PL I. 

The regions where massing or meadowing is most rapid are the edges of 
the compartments which abut on the shore and the angles which lie in the 
forks of the branching creeks. Subsequently the rest of the perimeter thickens 
up, and last of all the interior parts of these hollow figures. 

The process is illustrated by an air photograph (PL I) of Brands Bay, an 
arm of Poole Harbour lying between Goathorn Point and Stiidlaiid Heath. 
The compartments, seven or eight in number, range from 15 to 30 acres each. 
In no case is massing complete, the central areas of the compartments being 
still relatively open. In time they should fill completely ; the actual creek 
channels alone remaining free of SparUna, Inspection of the photograph 
(PL I) will show the features described—especially well in the lower part of 
the print. The width of the peripheral zone, though variable, reaches as much 
as 150 ft., whilst on the shore line it is considerably wider in the phase here 
sliowm (the point marked A). 

Peripheral massing has been noticed in the case of other plants of the salt 
marsh. Annual forms of Salicornia at certain stages of the succession show 
a tendency to spread along creek sides; so too does Anter Tripoliuni. On many 
salt marshes Obione portulacoides is limited in its distribution to the edges of 
the creeks—its invasion of the compartments coming at a later stage, if at 
all. To such an extent is Obione to the bank that one almost looks for 
some special reason to account for its straying into the interior of the salting. 

A case of this kind may be illustrated by an oblique aerial photograph 
showing in the foreground the Watch House marsh at Blakeney Point (Fig. 6). 
The darker, irregular figures which form the centres of the marsh compart- 
ments comsist of a carpet of mixed halophytes, wlfilst the lighter marginal 
zones consist of a pure growth of wliich. ultimately invades and 
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ancliored and where consequently more seeds will be available. The outer 
members of the young community would seem to act as a partial physical 
barrier tending to trap and anchor drift (and seeds); the mechanism of dis- 
persal thus discriminates in favour of the periphery of a compartment in 
contradistinction to its interior parts. 

As to the zone of Spartina which establishes itself along the shore line, 
this is accounted for by the fact that sooner or later all drift not finding 
anchorage elsewhere will inevitably find its way to the shore. Actually, drift 
lines may occur on the shore even at a higher level than that at which Spartina 
will permanently establish itself. These are brought by high spring tides which 
submerge the Spartina zone, and if charged with seed this will germinate under 
the mulch of other drifted material and thousands of seedlings may arise 
though not one ultimately survive. Thus we see that tidal currents are no 
less inconstant and capricious agents for the conveyance of seed to the proper 
destination than, in other places, are the agencies of wind and animals. To 
meet such wastage and vicissitude plants in general produce seed on a lavish 
scale and the race can afford to lose the most of it without a set back. 

The case of Ohione seems different and the cause more obscure. Obione 
has a natural affinity for the banks of creeks. Something in the situation 
must favour it — mobility, aeration or access of drift. It is more than a mere 
expression of restricted seed dispersal, for in that case, sooner or later, the 
interior of the compartments would be invaded, and in the majority of cases 
they are not. In the case of the locality illustrated (Fig. 6) the Obione is 
finding its way slowly into the central areas, a stage reached in several of the 
older marshes of the Blakeney Marams, 

Where there are extensive, level mud flats, as in the case described in the 
foregoing, tends to establish itself by peripheral invasion of com- 

partments. Often, however, the ground slopes up gradually from the channels 
to the shore without any development of flats. In this case the plant will 
occupy a marginal region, a belt parallel to the shore and not extending down 
more than 2-3 ft. below high-water mark. If there is present already a 
marginal strip of ordinary salt-marsh, the Spartina establishes itself outside 
this, as at Sallenelles, near the mouth of the Orne in Normandy (Fig. 7), but 
subject of course to the vertical limitations aforesaid. In addition to occupying 
the bare muds, it tends to spread into the salting, often getting a dominant 
hold in a few years and ultimately replacing the ordinary halophytes usual in 
such situations. On the whole, successful invasion of these marginal strips 
(which carried a salt-marsh vegetation prior to the appearance ot Spartina) 
is more frequently showm in the French localities than in the English. 

But when Spartina strays too high it does not find such easy conquests. 
Thus, at the head of Brands Bay, Poole Harbour, it has invaded an extensive 
zone of J uncus Gerardi, and when last seen there was no reason to suppose 
that the J uncus would be replaced by the seen 
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Phragmites commmus giving place- to SpaHim. With anotlier of the larger 
halophytes, Scirpus marit/imus, the result seems to be different. When 
bpartina, in close formation, comes alongside a belt of this plant it finds a 
way of growing through and overwhelms it in detail.. Examples of this are to 
be found ill Poole Harbour. 



Fig. 7 represents an early phase of colonisation at the month of the Orne, ! | miles north of 


Sallenelles. Spariina is establishing itself in tussocks on the mud Just outside a strip of saltings. 

In the distance colonisation is reaching some density. First record in this locality, 1918. 

Photograph taken September, 1923. 

The uses op Spartina. 

When a plant appears and spreads miraculously, so that it occupies 
thousands of acres in pure stands, and is continually invading fresh localities, 
the question of economic application is sure to arise. 

As., a ioddet, Spartina is eagerly devoured by beasts of all kinds.,. I. have 
seen , cows, /horses, ponies, donkeys, pigs, and sheep grazing on.it in Poole 
Harbour.- .They- go dowm to the mead-ows almost before the tide .has run off 
and:- gorge themselves on it. Farmers find SpaHim to be „a useful reserve feed, 
and it is cut and stacked for winter use. Opinions differ as to whether it 
taints the milk or not, but on the whole the weight of opinion seems against 
using it for dairy cows. So far as I know proper feeding tests have never been 
made. 

As to its suitability as a raw material for the manufacture of paper, experi- 
ments -were made during the; -war,;/Though. suitable in several respects, the 
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resistance of tlie fibre to bleaching prevents Jts- adoption;, fox papers. 
Though doubtless suitable for brown paper or, boards, .the price obtainable 
.for a low-grade product of this kind would not cover the^ cost of harvesting, 
drying and transporting a crop like Sjpartina, If this plant is to find a place in 
pajjer exploitation, it must be as a raw material for high-grade papers (cf. 18). 

Other uses for are sure to present themselves as knowledge 

increases of the ways in which plants may be chemically exploited for particular 
purposes. The important points in the present case are the extent, purity and 
density of the stands, combined mth relative ease of harvesting. 

At the present time the most obvious economic application of Spartina is 
to use it for the reclamation and stabilising of muddy foreshores. There is no 
plant in the world better fitted for this particular purpose, provided it be 
placed in positions comparable to those which it naturally occupies. Spariina 
has the conspicuous and unique faculty of colonising soft, ‘‘^bottomless 
muds which have resisted for ages the entry and establishment of other 
halophytes. With these it is not a matter of unsuccessful competition with 
other plants, but sheer inability to cope with the physical characteristics of 
the habitat. The ground I refer to is soft, viscous mud, most impermeable to 
penetration by oxygen, and from its viscosity affording an indifferent anchor- 
age. That they may establish themselves in such places, plants require to 
penetrate the medium in all directions and to carry their anchoring roots 
rapidly to depths not necessary in the case of firmer soils. At the same time 
there must be means of access for oxygen to the remotest organs of the plant 
in these non-aerated soils. In the case of Spartina this need is met by an 
ample provision of lacunae reaching from end to end of the plant ( 29 ), whilst, 
at the same time, the vigorous constitution of this plant ensures the rapid 
establishment of a hemisphere of deep penetrating roots. 

Turning now to the yield of seed. My own experience, extending to several 
seasons, is that it is adequate and often abundant. At the same time Spartina 
has the reputation of being a “shy seeder’’ (26 and 27 ). Doubtless bad 
seeding years occur with as with other plants, but I am disposed to 
think that the suddenness with wh.ch the grain disappears from the spikes 
when ripe and its transport to some remote drift line, has given the im- 
pression that less seed is produced than in point of fac5 is actually the case.* 
In other words, the long period of seed ripening, the uncertainty of the time 
of ripening and the comparative inaccessibility of the plant, tend collectively 
to exaggerate the impression that the plant is a shy seeder. In the current 
year (1924), characterised by much rainfall, deficient sunshine and prolonged 
open weather in October-November, there is no shortage of seed, Eipening 
has been retarded and the number of abortive spikes is considerable, but 
ample seed is available . 

The seed once detached from the spike finds its way to rather localised 
drift lines that require searching for. The seed, which ripens in various 
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exposures from tlie end of October well into. December^ germinates at once in 
the drift lines, where it lies covered 'by -a. mulch. Here in Xo^eeiiher sprouting 
grains are to , be found in thousands, . and they may be foiiiicl soiiietiiiies 
germinating (viviparously) in spi'kes still attached to tlie plant. Itmiay 

be noted that the embryo is green' at ripening, due to the presence of chloro- 
phyll in the scutelliim and elsewhere:; this, although of no sj)eeial use to seedvs 
germinating in the obscurity of deep banks of tidal drift, riiiist have a signi- ' 
ficance where isolated .seeds, become anchored, to the rrmd by, wefts of fila- 
mentouS: algae. ' 

Seeds not ^ only germinate speedily, but the percentage gerniination is high. 
Growing in theirnative mud, the young plants will be 6 .or' 8 inches high by 
the./hrst , summer; they carry at-the'base'as many as 1.0 or 12 sprouting. buds, 
including one or more stolons which' will carry their buds to a distance. These 
are especially characteristic of established plants (Fig. 8). A dense tuft of 
roots is shown by, yearling: plants,;' both 'anchoring and surface — the former 
already reaching to a depth of a foot.; By the second year the ;plaiit forms 
a typical tussock, 6“-12 inches in diameter, a.nd extends vegetatively in all 
directions'.'' ■ ■ ■ ■ ■ ' 

.. Next, to rap.id germination,.' anchoring and spread, Sparlina {pialiiies as an 
agent of reclamation,by .its capacity , to. -arrest silt and so raise the gene.ral 
level,'' .At the:, same time ground. 'well ..penetrated by the plant becomes 
increasingly .:...firm and can be walked on,'.- where, previously it was a viscous 
slough to be traversed only on mud boards. 

For the purpose of establishing '/Spar/iaa on new ground the usual practice 
has been to use offsets. This means. laborious-'-operations at both ends, as well 
as bulky transport and liability.' to -..deterioration en rou/c. Tlie advantages 
claimed are that establishment 'Caii- be effected ,at^ any time, aiul that the plant 
at once gets a good hold of the mobile.ground. ; My own impression is that 
seed is the proper means to employ. The technique involved is of the simplest. 
It should be scattered thinly on the mud where it is to grow, and not pressed 
into the ground. A covering of the natural drift of the locality (e.g. algae such 
as RMzoclontmii. or filainentous Enteromorpha, leaves of Zosiera, etc.) should 
be spread over it and this pegged down to keep it in place till germination 
has secured the young plants in the habitat. Placed lower than the natural 
zone, establishment fails, alike by seed or offsets. 

In nature distribution by seed is supplemented by offsets, but it is to be 
questioned if this method accounts for more than a small fraction of the total 
propagation. 

Established plants are liable to be scoured out in the following way, and 
such detached specimens, drifting and becoming arrested somewhere, may 
take root. In Poole Harbour, and doubtless elsewhere, Spartim settlements 
in exposed positions, especially when the level has been raised above the 
surrounding muds through silting, become liable to wave erosion. In this way 
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Fia. 8, Spartina Totmisendii; simplified sketch of base of plant to show the relations of under- 
and above-ground organs. The aerial shoots arise from a plexus of rhizomes occupying the 
zone below the surface. On the bases of these shoots and on the rhizomes are produced 
(1) quantities of surface roots clothed with lateral roots, (2) straight, unbranched, descend- 
ing, anchoring roots, which penetrate the mud to a depth of several feet. Such of these 
anchoring roots as arise relatively high up carry laterals where they traverse the surface 
layer. Scale : about one-third nat. size. 
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the edge of the settlementj on the exposed side, is subject to niiderciittiiig 
and the mud is washed a%vay from the roots. The resulting disrooted fringe of 
Spartina is tossed this way and that by the restless elements, and, separating ■ 
into fragments, is drifted away. 

Latterly, this erosion of ^j:?ar^‘ma-fields has assumed a considerable im- 
portance in the more central parts of Poole Harbour. Prom this point of view 
there are two sorts of localities where Spartina spreads. There are, on the one 
hand, the bays and bights of the harbour which are practically uiiaSected, 
and there are the shallow muds which project into the open harbour from the 
points of land between the bays. On these latter positions extensive Sparlma 
meadows have developed, and these, as they increase in height, are especially 
liable to erosion. Where the ‘'slog’’ of the waves strikes such a 
more or less at right angles to its length, it will be cut back, and at places 
actually penetrated. Once this has happened the process of destruction is 
rapid and the whole area may be swept away. 

The ground thus eroded is left bare; for the Spartina has gone, and the 
Zostem which preceded it had been previously obliterated l)y the Spartina. 
There is no sign of recolonisation of such areas by Spartina, and it remains 
to be seen whether the Zostera 'will come back. Typical affected areas are to 
be found in Poole Harbour to the north and south of the Wyeli Channel in 
the neighbourhood of Shipstal Poiut. Already some scores of acres must have 
been eroded in this way and it is to be expected that more will be involved. 
Nevertheless the total area liable to effaceinent from this cause represents 
only a small percentage of the total area occupied, when the whole of Poole 
Harbour is considered. 

Apart from cases like the above, and a single example of a few acres killed 
by a creosote effluent in Southampton Water, Spartina seems unchecked in 
its onward march. No evidence has yet accrued to indicate that Spa^ina is 
to be superseded by any other plant combination; such a succession is of the 
natural order of things, though it may take centuries to accomplish. 

As regards the immediate effects of the SparUna invasion certain facts 
emerge relevant to the present discussion. 

With the ebb and flow of the tide in a muddy estuary a large amount of 
silt is carried backwards and forwards. Where the upper muds are colonised 
by such a plant as Spartina much of the silt will be held by it and the level 
slowly rise. In other words, the mobile silt of the channels and waterways 
tends to he fixed at a higher level. The immediate consequence of this is a 
deepening and perhaps a widening of the channels —as is reported by fishermen 
at Poole. In process of time, when^Spar^iw has occiipkul fully the available 
ground, the amount of mud that can be assimilated will reach its limit. For 
as the level rises the rate of silting will decrease till it becomes inappreciable. 
Concurrently with this rise of the Spartma-eoYemA flats, there will be a corre- 
sponding exclusion of tidal water, and mobile mud will once more encumber 
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the cKannels. , As ttere is less water, there will .be less, scour at the ebb to 
clear the channels; so that if navigation.is a. consideration, ib will have to be 
maintained by dredging. And if, at this stage, the /Sj^ar^wn-fields being ripe., 
for the operation, parts of the harbour are banked off and reclaimed, this will 
start the Spartim on a fresh period of colonisation with consequences of the 
same order, only intensified. ■ . 

For it is usually to be observed on most salt’ marshes that the saltings 
reach out from the edge of the estuary a certain distance in the direction of 
the main channel, but advance no further. Tha muds beyond remain un- 
colonised; a state of equilibrium has been reached. This is attributed to the 
scour caused by the tidal water, as it ebbs from the saltings, preventing any 
permanent accumulation of silt beyond the limits reached. Directly the 
saltings are banked off and this scour diminished, fresh growth of marsh 
starts in front of the bank and the muds of the estuary are still further en- 
croached on. This is how it is that silting up combined mth reclamation 
operates to the disadvantage of navigation. It is the age-long antagonism 
between land and water, the interests of the landowners and of the shipping 
community. Now Spartim as an agent is not qualitatively different from 
other denizens of the foreshore; it is merely an astonishingly vigorous and 
pushful halophyte, capable of occupying ground usually left uncolonised by 
other halophytes. 

In view of the foregoing it is evident that a considered judgment of the 
policy involved ought to precede any steps that would lead to results jeopard- 
ising navigation. Apart from such cases there must be many extensive coastal 
and estuarine areas marked oxit for reclamation, and it is especially in such 
cases that the suitability of a course of Spartina might be considered. The 
antecedents of ground to be enclosed must have a bearing on the qualities 
of the soil in the reclamation, and as knowledge of the properties of the 
various halophytes and their relation to the silting process increases, this, the 
agricultural or farming aspect of reclamation, should become at least as 
important as the engineering. In this connection it may be remarked that 
recently Holland has begun to show an interest in Spartina in case the plant 
might prove of value in the reclaiming and polderising operations for which 
the Dutch are world famous. The matter is mentioned here for the encoui*age- 
ment of others in a position to cultivate and watch the progress of this plant. 
Information is required especially in connection with its adaptability to 
different maritime soils, exposures and ranges of temperature. Small experi- 
ments, ic is true, are being made here and there in this country, but Spartina 
would appear to possess wider usefulness and to merit fuller trials than any 
hitherto devised. 
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The STAms' OF 

. Curiously euougb, in. spite of the attention which this plant has, attracted, 
the of S, Townsendii still remains unsettled. Discovered at South- 

amptoh,in,,1870,"it was recorded -as a variety of S. strict^ (Groves, 8), later, 
described and figured as a distinct species (Groves, 9). Stapf in 1908, being 
unable to match Towmendii with any of the American forms, concluded that 
it was distinct. To account for it he put forw^ard the hypothesis that it was a 
naturally produced hybrid of stricta and alterniflora; this was based partly on 
botanical grounds, partly on the occurrence near Bayonne of S. Neyrmdii, 
which is in effect the counterpart oi Townsendi% both in respect of its characters 
and of the circumstances of its occurrence (Foucaud, 1895). This view based, 
as Stapf tells us, largely on circumstantial evidence (Stapf, 27, p. 80) has 
held the field. 

Latterly, the interest aroused by the remarkable spread of S, Townsemlii 
on the north coast of France has led to a further consideration of the matter. 
Corbiere and Chevalier (6), who had studied the plant in its French localities, 
argue that S. Townsendii cannot be a hybrid because it seeds abundantly, 
has normal pollen, and because one of the alleged parents {S. aUemiJlom) does 
not occur in the north of France. They conjecture it to be identical with the 
American S. glabra var. pilosa and suppose it to have been introduced directly 
from the U.S.A. So far as this last point is concerned, having regard to the 
identity of S, Townsendii on either side of tlie Channel, it seems more probable 
that the plant found its way from England by seed distributed by shipping 
— especially as the first record for the north of France is 1906, a date when 
8, Townsendii was spreading everywhere in the waters around Southampton. 

The first point to be certain about is whether S. Townsendii is really a 
distinct form. Stapf has gone very fully into this matter (26), and there 
seems no reason to doubt his conclusion that it does* not match any of the 
related North American varieties. These include S. alterniflora, S. glahra and 
N. pilosa, all regarded as varietal forms of the alterniflora group. Whether 
they are varieties or species, seems immaterial. To these is to be added 
TownsmdM, which, like pilosa, has the pubescent upper empty glume, but has 
more slender spikes, and the spikelets less densely arranged on the spike than 
pilosa. 

li then Townsendii be accepted as distinct, it must have arisen from 
another form or forms, either in European or American waters. As it has not 
been recorded for America, the latter alternative need not be considered 
seriously. 

Toivnsendii therefore appeared at Southampton, and later ('where it was 
called Neyrautii) near Bayonne, It may be a sport or mutant of alterniflora, 
or, on the other hand, a hybrid between this species and stricta. 

If it is a hybrid, then it should betray its hybrid constitution. In one 
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respect it does this, viz. in the extreme vegetative vigour which it displays. 
A vigorous constitution of this kind is not unusual in a first cross; what is 
surprising is that not only is this vigour . maintained through many seed 
generations but that the plant should remain substantially uniform. There is 
no indication of segregation, which is certainly to be expected in an ordinary 
hybrid. This circumstance, which at first sight seems to negative the hybrid 
theory, does not however absolutely close the door to it, because there exists 
a class of hybrids characterised by perfect stability. But it would be pre- 
mature to assert that 8. Townsendii belonged to this class, without the 
production of evidence. This can be obtained only by breeding experiments 
and cytological investigations carried out on the relevant forms, which would 
have to be cultivated under controlled conditions. Whilst such an investigation 
is in progress it would be desirable that the various related forms of Sfartina 
that have been brought into the discussion should also be assembled and 
grown side by side. In this way the whole matter could be thoroughly thrashed 
out. The problem is somewhat complicated because the forms involved are 
mainly American, whilst the theatre of active interest, in which the Spartina- 
equilibrium has become unstable, is European. Certainly the present tri- 
partite discussion across the Atlantic and the English Channel is an incon- 
venient method of settling anything and is hardly likely to lead to any 
definite result. 
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I. INTRODUCTORY. 

In tbe course of work done on tlie marine phytoplankton of the Welsh coasts, 
attention was paid more especially to the area in the vicinity of Aberystwyth, 
For purposes of comparison, visits were also made to, and samples obtained 
from, other parts of the Welsh coasts. As the work done was carried on from 
a land station, it was found that a study of the free-floating plant organisms 
as such tended to include also those forms which are not, strictly speaking, 
planktonic, but which occur as regular components of the plankton flora 
wherever coastal influences are in evidence. As compared with the open 
ocean, the distinguishing feature of such offshore or neritic areas is the con- 
siderably greater variation in hydrographic conditions, this in turn making 
for a correspondingly wider range of variation in the plankton organisms 
themselves. 

For such a specialised coastal community various terms have been pro- 
posed; Haeckel names it the ‘"meroplankton” as distinct from the “holo- 
planktonic/’ or “holopelagic” ecological unit of the open sea^. Schimper’s 
term 'diemiplankton” connotes much the same plankton- association of the 
coast-line. Kolkwitz^ advocates the use of the term ^'seston,” but, including 

1 Schimper, A. Plant Geography. Oxford, 1^03. 

® Kolkwitz. “Plankton and Sestou.^^ This Jouenal, 1913. 
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as i* does the whole of the material occurring as free-floating or suspended 
particesm the water It has the disadvantage of embracing not only sporadic 
non-planktomc living forms, hut also much extraneous material su^h as dead 

^ leaves. 


The york done consisted primarily of a detailed investigation into the 
nature o^the phytoplankton of the area, with special reference to temr.oral 
and spatial variations, and to conditions affecting the same. As far as possible 
ecological units of association were evaluated, and features of special biolo<ric 
interest in the plankton forms themselves were correlated with functional 
adaptations. The resulting data were compared with other plankton records 
for various districts, and also with earher figures for this place. Previous 
records for Welsh waters are those of Gough and Bvgrave.i who mve a 
frequency-table for plankton throughout 1905, from tow-nettings from the 
lightship stationed in Cardigan Bay at that time. Further, the Welsh coasts, 
being under the jurisdiction of the Lancashire and Western Sea Fisheries 
Board^, were visited, usually four tinies a year, by their boat the "‘John Fell’ 
and its successor, the “James Fletcher.” The results are given in their yearly 
reports, which give frequency data, among other places, for Red Wharf Bay, 
off Anglesey, and Carnarvon Bay, together with some di.scontinuous records 
for Cardigan Bay. 

For “regular ” sampling the nets were towed along a given course for 
16 minutes from a small rowing boat®. As far as conditions of tide and wind 
permitted, the hauls were made along the same course each time, some 1| to 
2 miles from shore (Fig. 1). This course extended somewhat obliquely across 
the bay, in the outer waters beyond the inshore waters. Tow-nettings against 
the tidal stream were found to give a bigger haul; accordingly, at ebb tide the 
haul was made from the southern end, and at flow tide in the opposite direction. 
In either case, a tow-netting was also made back along the course. With the 
tides prevalent here, there was usually a marked difference in the rate of the 
boat’s movement under the two sete of conditions. It was ascertained that 
a slackening of speed resulted in the nets fishing in longer waters, and so 
catches were thus made both from the surface and from the sub-surface layers. 

In addition to these “regular” samples, catches were also obtained from 
farther afield. 


11. NATURE OP AREA STUDIED 


In addition to the detailed work done on the phytoplankton of Aberystwyth, 
samples were obtained at different times from the following places; Red 
Wharf Bay, off the north-east coast of Anglesey; Moelfre, off the south-west 
coast of Anglesey; Bangor, on the Menai Straits; Saundersfoot, off the south 


1 Gough and Bygrave. Heport on the Plankton of the English Channd. InLenmlioiial Plankton 
Investigations (Marine Biological Association). 1906. 

2 Yearly Be'ports, Lancashire and Wmterfi Sea Fisheries Board, 1904 et seq, 

3 The details of the technique employed will be fully described in a forthcoming paper. 
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coast of Pembrokesliire ; and also Port Erin, Isle of Man. Any special features 
of these places will be considered as occasion arises, but as the greater part 
of the work done centred round the Aberystwyth waters, the nature, of this 
district will be considered here. 

Geologically, Cardigan Bay comprises three drowned valleys running 
N.N.E. and S.S.W., parallel with the still terrestrial promontories of Car- 
narvonshire and Pembrokeshire. The corresponding drowned ridges remain 
vestigially as three “ Sams ” — Sarn Badrig off Harlech, Sarn-y-bwch off Towyn 
and Sarn Cynfelin off Aberystwyth. These constitute shoals of some danger, 
and have a considerable efiect on local currents. For instance, the proximity 
of Sarn Cynfelin gives rise to certain local peculiarities south of Aberystwyth, 
the tidal streams run N". parallel to the coast at no great speed, I knot at 
spring and I knot at neap tides, as far as Cynfelin Patches (Fig. 1). “Here the 
stream meets a line of shallow water extending across their path a distance 
of 5 miles from the shore, and this diverts the north-going stream in an 
easterly direction south of Cynfelin Patches, though outside the west end of 
these patches the streams run in a northerly and southerly direction. Both 
streams have an indraught towards the shore^.” This inshore deflection causes 
a swifter south-going current (coastal) to flow past Aberystwyth independently 
and two hours before the ebb tide of the offshore waters. 

An important hydrographic feature is the absence of great depths, the 
25 fathom line being well outside Cardigan Bay. Just off Aberystwyth there 
is no greater depth than about 7 fathoms, but some 4 miles southward along 
the coast are the trawling grounds down to 14 fathoms deep; this deep runs 
parallel to the coast, and is known locally as “the Gutter” (Fig. 1). 

Aberystwyth lies in the concavity of Cardigan Bay, and, owing both to 
the shallowness of its harbour and the proximity of the Cynfelin shoals, is too 
inconvement a port of call. In fact, except for the local trawlers, there are 
only pleasure motor-boats in the summer, and occasional boats freighted with 
grain or cement, so that this stretch of coast-line is remarkably free from 
industrial contamination. , 

The general trend of climatic disturbances is in a direction roughly parallel 
to that of the structural lines. Cardigan Bay itself offers a fairly open path to 
Atlantic areas of barometric depression, and it catches much of their force as 
they travel across, usually in a N.N.W. direction; high winds and rough seas 
are therefore extremely frequent here in the winter months. However, this 
same accessibility of Cardigan Bay would tend to admit any ameliorating 
southern influences, as for example the streaming of the postulated warmer 
offshoots of the Gulf Stream around the north European coasts. But in 
addition to the incoming of southern waters, the evidence from drift-botfcles^ 
seems to show that there are also south-going currents into Cardigan Bay 

^ “Tidal Streams of the West Coast of England.” Admiralty Report, 1^01, 

2 J. Johnstone. Report of the Lancashire Sea Fisheries Laboratory, 1902. 
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frouL the Irxsli &ea. The latter is allied liydrographically to the iiortlierii 
neritic waters off Greenland and Iceland; hence Cardigan Bay might reasonably 
be presupposed to show some traces of both northern neritic and temperate 
Atlantic influences. How far the plankton of this district is affected by either 
will be considered later. 



III. HORIZONTAL DLSTBIBUTION. 

As stated previously, the further we advance from the coast-line, the more 
uniform do hydrographic conditions become, until we arrive at such an 
extreme as the “halistatic” areas of the oceans, notably the Sargasso Sea. 
Schimper states that plankton is typically developed only above very deep 
water; hence his use of the term ‘'hemiplankton” for the free-floating flora 
of coastal waters. Schutt, on the other hand, holds that those oceanic areas 
far removed from land are, so to speak, deserts, at least as far as the develop- 
ment of plankton is concerned. Of all aquatic communities, that of marine 
coastal areas is the most cosmopolitan, including as it does not only (.diaracter- 
istic neritic, but also oceanic forms carried coastwards by currents, brackish- 
water and even freshwater forms swept down from the estuaries, epiphytes 
detached by wave action, and, lastly, benthon whirled up from the sandy 
substratum. 
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111 consideriiig the iieiiiipknkton,' as in the flora of any given area, there 
is a tliree-dimeiisional variation to be ' considered, namely, of latitude or 
horizontal distribution, of altitude or distribution in depth, and of. time. In 
referring to the area under consideration, horizontal differentiation resolves 
itself inainly into a question of the degree of proximity to the coast. The 
most distant tow-nettings were made some 8 to 10 miles from the shore, but 
a fairly well-marked difference in the nature of the hauls was observed at a 
considerably less distance. I take the further tide-line as the line of demar- 
cation between iieritic phytoplankton proper and the flora of the inner waters. 
After heavy rains this can be seen very distinctly, the inshore waters being 
a murky yellow with suspended fluvial material, as contrasted with the green 
or blue of the outer sea. Even on calm days it is distinguishable as a line of 
flotsam, or sometimes by a difference in the appearance of the surface waters. 
This line naturally varies in distance from shore with the state of the tide, 
but is roughly 1 mile off the shore; it is from the purer, more homogeneous 
outer waters that the ‘"regular” tow-nettings were taken. Thus we have 
(1) the type-zone, on neritic zont proper (see Sections IV and V), and, nearer 
to land, are the variations from the flora of this type-zone, namely (2) littoral 
intertidal B^jid (S) brackish water, • 

Within zone (2) I have included not only that area which may be left 
uncovered by spring tides, but also as far out as the above-mentioned tide-line ; 
this marks the reasonable oflshore limits of tidal influences and of the coast- 
line itself. As contrasted with the neritic zone,, the littoral intertidal area 
shows greater variation in salinity, greater susceptibility to tidal influences 
and surfs, and a consequently higher admixture of other than plankton 
organisms. This generalisation applies to the whole of the coast-line, but at 
any given part there may be originated special local peculiarities. 

Within a limited area along this coast, i.e. from South Shore to the north 
of Clarach Bay, three distinct edaphic shore-types occur (Fig. 2). A study of 
the inter-relationship of these with the proportionate occurrence of phyto- 
plankton, motile and sessile benthon was made. The special development in 
rock pools will be dealt with separately. 

The following types of shore-line were found to give rise in their immediate 
vicinity to a free-floating flora of special associations: 

(i) Coarse sandy bay, as in the main bay, or at Clarach. 

(ii) Shale reef, as below the College. 

(iii) Coarse shingle, as at South Shore. 

In addition to the planktonic, usually non-mo tile forms, there also occurred 
in these shore waters : 

(i) Normally epiphytic forms which had become detached by surf action. 
Such forms might continue life with free-floating habit; and Grammatophora 
marina was found to develop under such conditions a secondary film of 
mucilage. 
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(ii) Motile benthic forms whirled up from the substratum by currents and 
wave action often become temporary comjionents of the hemiplankfcon. 



It was found impracticable to use the tow-net for the capture of free- 
floating organisms along the shore-line. Accordingly, the filtering method 
with the small conical net was adopted; the catch was then collected into 
formalin, allowed to settle, and the sediment transferred to a cavity slide for 
Joum. of Ecology XIIl 7 
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estiriiariori. Material obtained in this way from the shore-line was naturally 
mixed with much sand, small Ectocarpi and Ceramia; on such occasions the 
water-samples were first freed from these' small algae and from polyzoa by 
filtering through coarse niiislin. The end . of the pier was, found to be a very 
convenient station for such filtering work. 


Table I. The Micfophytic Flora of the Shore-line Waters, 



1. 

Sand 

2. 

Reef 

A 

3. 

Shingle 


Main 


* 

'I 

Queen’s 

< 

Const. 

South 

Epifloea 

Bay 

Clarach 

College 

Hotel 

Hill 

Shore 

Achiianthes brevipes 

— , 

, — 

f . 


f. 

f. 

„ longipes 

Synedra fulgens 

c. 

c. 

c. 

f. 

f. 

__ 

f. 


c. 

f. 

f. 


„ radians 

■ ' — 


f. 


f. 



Grammatophora marina 

f. 

f. 

- c.' 

c. 

c. 

_ 

„ macilenta 

\ — 

f. 

c. 

f. 

c. 


Licmophora flabellata 

' — 

— - , 

f . 

f. 

■ _ 

■ : 

Schizonema spp. 

f. 

. ' ■ 0.' 

. ■ ■ ■ e. . 

c. 

e. 

f. 

Ehabdonema arcnatxim 

Motile Benthox 

- 

— 

— • 

— 

' —■ 

*— 

Stauroneis salina 

c. 

C. 

f. 

f. 

c. 



Amphora marina 

f. 

c. 

— 

— 

— 

, : 

Plenrosigma atteniiatiim 

0. 

c. 

1 

f. 




Surirella gemma 

f. 

f. 

- — 

— 


f. 

Achnanthes parvula 
Plankton 

— 

f. 

■ — 

__ 

— 

f. 

Actinoptychns nndulatus 

— 

f. 





f. 



Biddulphia niobiliensis 

— 

— 

f. 


— 

f. 

Coscinodiscns radiatns 

— 

f. 



__ 

f. 



Chaetoceras curvisetum 

f. 

— 

f. 




f. 

Melosira borreri 

— 


— 




f. 

Nitzsehia closterium 

f. 

— 

f. 

■ 

— 

f. 

Streptotheea thamensis 

c. 

f. 

f. 





f. 

Thalassiothrix nitzschioides ' 

-- ' f. 

c, = common, f. = 

: frequent. 


■ — 

f. 


A method employed previously was to take a litre of sea-water and fix 
any included organisms by the addition of 40 c.c. Flemming’s solution; this 
was allowed to stand for several days in a tall measuring cylinder for the 
sedimentation of the contents. This usage probably entailed some loss of 
contained organisms, and was later replaced by the centrifugal method. 

From observations made chiefly during October to December, 1922, a 
table was drawn up for certain localities exemplifying the different types of 
shore-line. The species found are given in Table I, and the forms found are 
recorded as c. (common), or f. (frequent). If this table be summarised, the 
following results are obtained : 


Epiphytes 

Benthos 

Phytoplankton 


Sandy Bay Shale Reef Shingle 


Main 

, 

^—v ' 

Queen’s 

Const. 

South 

Bay 

Ciarach 

College 

Hotel 

Hill 

Shore 

Ic. k 

2c. 3f. 

6c, Bf, 

2c, 7f, 

3c. 6f. 

. 21 

2c. 2/. 

Sc, 2f, 

. 2f. 

. 2f. 

ic. . 

. 11 

Ic. 2f, 

, 3f. 

. 4f,- 

, , 

, 3f. 

. 01 
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Tliis shows clearly a pmloii:iinaB.oe..of a differxnit tyjN* of erological loiit 
ill each ol the tliree kinds of shore-line, Tliat is to say : 

(i) Where the waves break on the shale reefs,, epipliyfit* imieeliuhir forms, 
diatonis chiefiy, tend to become detachecl in large nuinb(M.‘s, and to form no 
small proportion of the free-floating flora; such fortuitously fslanktoiue forms 
may 'continue to reproduce and may; even deveJo[> temp<.irary retrograde 
characters. The increased mucilage oi GmmmxUoflHmt has alr(*;nly been iiofiMl. 
but ill addition it was often found that the endocluMjnn^ friignnmts into 
irregiilar plates and is of a lighter golden-brown -colour (Fig. 3). 


Ern. a. CMtmmafopkora marina, found free •floating, 

(ii) When* tlnux* is a bottom of coarse sand, there are abundant creeping 
benthic forms, chiefly Ncmcida^ PleurosiijpHi a.nd Sitz^chii^ spf). Many of 
these are tossed into the upper waters by the advancing ti<Ie, and so, especially 
in the surf-line, we have a great abundance of them. 

(iii) Over slunghn, the smoothworn shale and mudstom* pebbles afford 
neitlier siip])ort for epiphytes nor substratum for cnu:*piiig forms, hence the 
eliances of these two types occurring are about equal. The surf waters of 
South Shore, therefore, were characterised by only occasionally ])resent epi- 
])hytes ami benthos; there was a predominance of the truly planktonic forms, 
l>nt even these w«u‘(‘ scarce. 

In connection witli this branch of the work an interesting point observed 
was that collections made on calm days yielded more diatoms, especially 
plankton diatoms, than those of vstormy days. Possibly this is clue to the fact 
that it is the upper waters that break as waves, and that on calm (or sunny) 
days the microphytes will be concentrated in these upper layers; the breaking 
of the waves then tends to carry shoreward a greater number of organisms. 

Microphyles of rock pooh. 

Rock pools, with their comparative calm, much greater insolation, and 
liigher concentration of life forms, make for somewhat more specialised con- 
ditions of life. In the case of macrophytes, semitropical forms may be found 
in the rock pools of tetn])erate regions; the free-floating forms, on the other 
hand, are disturbed twice daily at an interval of time varying with the state 
of tlu^ tide and with the horizon of the pool in question. Hence the rock pool 
cannot bo said, stihdly speaking, to have a free-floating flora peculiar to 
itself, except in so far as the ordinary microphytes of the shore-line ar(^ 
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confined therein for those few hours, or where organisms are generated during 

that time of exposure. 

The micropliytic flora of those pools selected for observation was collected 
largely by means of the filtering method, but sometimes also by centrifugal 
means. In order to ascertain any possible changes during the time when the 
pools were uncovered and hence undisturbed by the tide, three pools, A, B and 
C, were kept under observation (Sketch-map, Fig. 2). On one occasion, Pool B 
(Ascophyllum zone) was examined by filtering a litre of water at intervals of 
two hours; the following results were obtained; they are considered as typical: 

(1) Two hours before being covered: numerous benthic forms, also ScMzonema 
Grevillei, Amphora complanata, Synedra radians, Rhizosolenia semispina, 
E, slirubsolei, Paralia sulcata, Grammatophora marina and Achnanthes longipes. 
(ii) Immediately before: 

(f\i) Immediately after: Wci same, but in fewer numbers. 

(iv) Two hours after: mixed shore flora. By gently lifting out the smaller 
branched algae, as Ectocarpus, and allowing them to drip into specimen tubes, 
much of the phytoplankton left by the receding tide and entangled in the 
branches, could by these means be collected. 

(v) Four hours after : in {i). 


Table II. The Microphytic Flora of Rock Pools, 



November 8 

January 8 



Eebruary 6 


May 22 


Phytoplankton 

r 

A 

B 

C 

A 

B 

C 

a' 

B 

C 

r 

A 

B 

"c 

Aotinoptychus nndulatus 

f. 

f. 

f. 

— 

. — ■ 













f. 

Bacillaria paradoxa 

f. 

— 

— 

— 

— 

1 

— 

— 

r. 

r. 

f. 

f. 

Biddulphia mobiliensis 

— 

f. 

f. 

— 

— 

— 

r. 

— 

— 

— 

— 



Coscinodiscus radiatiis 

c. 

f. 

f. 

— 

— 

c. 

f. 



f. 







Chaetoceras contortum 

f. 

— 

— 

— 

■ .. — 














„ deoipiens 


— 

— 

— 

— 

— 


r. 


r. 





Bitylium brightwelli 

— 

— 

— 

__ 

— 

— 

— 

r. 

— 

r. 





Oxyrrhis marina 

— 

— , 

— 

— 


— 

' 

— 

, — 

c.c. 

c.c. 

r. 

Paralia sulcata 

f. 

— 

— 

— 

— 



■ 









f. 

Rhizosolenia semispina 

— 

f. 



— 

— 

— 












Streptotheca thamensis 

— 

— 

— 

f. 

f. 

r. 

_ 

— 

_ 






Thalassiothrix nitzschioides 

_ 


f. 

— 

— 

r. 

— 

— 

r. 

— 

— 

— 

Motile Benthox 

Bruridgea geminata 

f. 

— 

__ 

r. 

r. 

f. 

— 

f. 

f. 



f. 

f. 

Nitzschia spp. 

e. 

■ — 

— . 

f. 

r. 

. — 

— 

f. 

f. 





c.c. 

XTavicula spp. 

c. 

f. 

f. 

— 

— 

1 





f. 





f. 

Plenrosignia spp. 

— 

— 

r. 

— 

— 

— 


— 


— 

— 


Epielora 

Achnanthes longipes 

f. 





r. 

r. 

f. 

r. 



__ 





Amphora complanata 

r. 

— 

, — 

— 

r. 


. — 

r. 









Grammatophora marina 


f. 

— 

r. 

r. 

— 

— 

— 





■ , r. , 



„ macilenta 

— 

r. 

— 

— 

r. 





r. 






■ 

„ serpentina 

— 

r. 

— 

r. 




__ , 

r. 





r. 

Rhabdonema arciiatum 

f. 

— 


r. 

r.- 

■ 


1 


■■ 


r. 

Schizonema Grevillei 

— 

f. 

; ^ 







r. 

r. 

c.c. 

r. 


Synedra spp. 

r. 

f. 

r. 

r. 

- c.,. ■■ 

r. 


c. 

r. 



c. = 

common, 1 

= frequent. 

r. = 

rare. 
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Tims the associations presented for the shore-line proper lias no analogy- 
in the case of rock pools. Benthic forms "were foiiiid to be fairly aliiinclaiit, 
even in the smooth-sided rock pools empty of the larger vegetative forms: 
thus the rock pool microphytic flora may be coiisidereil. to be in general of 
the same imtnxe as that of the reefy shore-line. At all events, the results given 
in Table II seem to show that phytoplankton, proper is not very abundant in. 
rock pools; this is more probably due to the great mechanical wave, stress to 
which it is subjected than to any unsuitability of coiiditio,ns in the pools 
themselves. A curious fact in this connection is that those forms found to 
flourish in rock pools were those that succeeded best under' artificial conditions, 
Oxyrrliis marina and NitzscMa clostermm bein,g the most striking examples. 
The former -was found to occur abundantly in rock pools in the summer 
months, and seemed to reproduce with such extraordinary rapidity that even 
in the few hours of exposure, any one pool might swarm with 0./v/rr/ds. Thus 
we have here a normal phase of littoral species with also a few residual plankton 
forms left by the receding tide ; and in the summer a special phase, with, these 
forms in about the same number, but with swarms of minute usually motile 
protista. 

Apparently we have in the rock pool a natural approxiiBation to cultural 
conditions, and where the intertidal spaces of time allow, there is a tendency 
to the development in the summer months of a swarm-flora widely different 
from that of the open shore. 

IHanJkton of BracMsh water Regions {11 g phalnigroplanMon), 

Brackishwater regions are represented in this area by the mout-hs of the 
rivers Blieidol and Ystwyth with their backwaters, and, in the ease of the 
river Dyfi some miles to the north, by a considerable extent of salt flats. The 
type area selected for study was that of the Aberystwyth harbour, at the 
mouth of the river Rheidol; here there were special features connected with 
the contamination of the river waters. Samples were also obtained from 
St Bride’s Bay on the Severn estuary. 

Brackishwater regions may be more or less self-contained, and shut of! 
from outside influences, e.g. the salt pannes of the higher levels at Ynyslas, 
near the Dyfi^ estuary; or they may be subject to two sets of often opposing 
..influences, as, at the mouth of any river. On the one hand we , have marine, , 
and on the other fluvial conditions. For example, the .tidal fluctuations of 
the former would, tend to, oppose, in varying degree the unidirectional fl.ow of 
water from the latter. , ■ 

As compared with the open sea, the harbour shows a greater degree of 
variation about a much lower salinity; in April, 192^1, the chlorine content of 
water samples off the end of the harbour jetty was only 2*5 parts per mille, 
as compared with 18 to 19 parts (34 to 36 total solids) in the open sea. On 
the contrary, the salt pannes of Ynyslas, witli considerable evaporation but 
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no freshwater inlet, vary from 8 to 16 parts of CL (These figures were kindly 
given me by Mr W. M. Speight, M.Sc., Zoology Department.) The Aberystwyth 
harbour is further differentiated from the sea by the fact of its being sheltered 
from the piovailiiig S.W. winds. 

As compared with the river proper, it shows greater salinity, siibiection to 
tidal variations, and more terrestrial impurity in suspension. The area under 
consideration is protected to windward by a natural shingle bank which has 
been built up into a breakwater. The harbour is extremely shallow, and low 
tide uncovers a coarse shingle deposit (fluvial); but there is a central channel 
bottomed by dark mud, principally of shale fragments. This affords a sub- 
stratum for creeping benthic forms. The chief macrophytes in the harbour are 
Fticus cemnoides and Enteromorpha intestinalis; these grow abundantly, but a 
diatom epiflora is scarcely common except on the tips of some Enteromorpha 
filaments. 

Such a region, intermediate physically between the salt water of the sea 
and the fresh w^ater of the river, •would tend to contain plankton types character- 
istic of each of these areas, and possibly also some peculiar to itself. The chief 
microphytes are considered below; occasional tow-nettings were made from 
the harbour mouth to the bridge, but more often the filtering method was 
resorted to. 

Freslmatef elements. * 

In the course of some observations made in 1921 and 1922 on the freshwater 
flora of the river Rheidol, it was found that the plankton among other types 
was normally exceedingly scarce in this as in many neighbouring streams. 
The cause lay in the contamination of the headwaters of the river from waste 
heaps near now disused lead and zinc mines. Up to the summer of 1922, and 
especially after the very dry summer of 1921, it was observed that there had 
been a gradual increase both of species and individuals, in these rivers. 
I might suggest as an explanation that, as the lead mines are now closed, thus 
bringing no additional waste, the refuse heaps are being gradually freed by 
the streams, from soluble or portable mineral compounds; so that ultimately 
all traces of contamination from this source may vanish. There is as yet no 
direct evidence that this occurs. After heavy rains the amount of toxic 
material in the river waters, both in suspension and in solution, was greatly 
increased. The following are the results of some analyses made by Mr 
J. J. Griffiths of the Agricultural Department: 


Example 

No. 

Name 

Total 

solids 

Zinc 

Lead 

Remarks 

12 

Ystwytli 

46 

nil 

nil 

Water clear 

13 


856 

0-04 

0-1 

Flood time 

17 

Uheidol 

51 

nU 

nil 

Water clear 

18 


911 

0-1 

0*2 

Flood time 

19 

33 

432 

0*5 

Trace 

Near mine 

20 

Glarach 

640 

1*6 

» 

>9 99 



^ J ournal of Agriculture, 

1919. 
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Tlie. autumiii of 1922 in particular was characterised by heavy rainfall and 
much flooding of the low-iying laiKls. of this district. The earlier irioiiths of 
1923 also show abnormally high rainfall records, so tliat the iiiereasing river 
vegetation of the previous years -received a -check. Accordingly, this d\'op in 
the freshwater vegetation would be expected in its turn to aflect the fresh- 
water organisms living in the harbour. 

The greater number of such forms in the, harbour was found to occur in 
the late summer and early autumn. (Table III) ; this was probably because the 
freshwater forms attain their greatest development at that time. A favourable 
spot for the location of freshwater forms in the harbour was a “pocket^’ open 
to river currents rushing ' under the bridge, but rather more protected from 
tidal influences. 


TabTjE III, PhyloplcmMon of the Harbour; FresJmater and Marine Forms, 



Nov. 

Dec 



Jan, 


Feb. 

Apr. 

»1 uiie 

July 

■Aiig. 

Freshwater 

21 

30 

1] 

15 

5 

16 

SO 

0 

2.S 

30 

16 

27 

11 

Aiikistrudosmus faicatus 

„ 






— 

r. 

r. 

— 

— 

— 

— . 

r. 

f. 

Clostcrmm nionilifcrjim 


— . 

r. 

— 


■ — 

— 

r. 

— 

r. 

r. 

■ — 

r. 

Pechastriiiu baryaiiuiu 

1*. 

r. 

V. 





— 


— 


1 

f. 

Sconedesmus sj[)]>. 

1'. 

— 

r. 

— 





r. 



— 

i 

Sunrolla .spp. 

i‘. 

. — ■ 

. 

— 

— 


r. 

. — 

. — 

— 


— 


Xavicula \mdis 

r. 

— 

— 

— 

r. 


r. 



— , 

— 

r. 


Tabellaria tenestrata 

— 


T. 

r. 

— 



■ — 

— 

r. 

~ 

— 


Marine 

Actinoptychua undulatus 

f. 

r. 

r. 

r. 


— 







r. 

Asttirionel la j aponica 


— ■ 

r. 


r. 

r. 

v,‘ 


— 

— 

, — 


— 

Bidduipbia mobilienBis 

r. 

1 

— - 


r. 

1 

1 

r. 


— 


— 

r. 

„ favuB 

r. 



r. 

-T- 

' — 

_ 

r. 

- ■ 

.r. 

— 

" — 

— 

I*. ^ 

Chaetoceras teres 

— 


— 

- 

r. 

r. " ■ 

r. 


r. 


■ — 



C< ).sciiiodisc u s radia tiiB 

r. 

c. ' 

f. 

1*. 

f. 



r. 



— 

r. 

r. 

Dityliiim brightwt^lli 


- r. - 

1*. 

r. 

1% 

- 

, ’ f , 


, 

. — ^ 


; r. 

" 

Laiideria borealis 


— 

. - — . 


— 

r. ■ 


r. 

T. 


~- 

— , 

- 

Paralia sulcata 

f. 

f. 

r. 


r. 

„ 


— 


— 



r. 

Kbizosolenia shrid )solei 

r. 

r. 

__ 

r. 

— 


— - 


— - 

T. 

r. 


— 

Skele toneiua co,s in turn 

r. 

r. 

. — . 

r. 



— 


— - 

V. 

— 

— 

— 

Streptotheca tliammisis 

r. 

* , 

r. 


— 

r. 

- 

— 

r. 

— 

r. 

— - 


Tlialassiosira decipieiis 

r. 

. -r. . . 

r. 

— 

r. 

: 

— . 

— - 

— 


— 

— 

■ — 

Oxyrrhis marina 

r. 

— • 

■ — , 

— 

— 

-' — 

— 

— 


■ 

r. 

r. 

■ 

Thalassiothrix nitzschioides 

f. 

f. 

r. 

— 

f. 

- -~ 

r. 

r. 

i. 

r. 


—- 

— 


c. = common, f . ^ frequent, r. = rare. 


Of th (3 Chlorophyceae, no filamentous Conjugatae were obKserved to be 
present in a living state, but occasional filamentous forms such as Drapa-r- 
naJdia plmnosa and Ulothrix spp. were found apparently unaffected and able 
to withstand being kept for some hours in the laboratory in the harbour -water 
from which it was collected. Pediastrum baryanum was occasionally found on 
th (3 mud after the tide had ebbed; it had well-developed marginal protuber- 
ances, presumed to be an aid to flotation. Euylena virldis and Vloslerium 
monillfenim were frequent, while Scenedesmm and Anldsirodes-inus were 
present on the mud. Of the typically freshwater diatoms, common ones are 
Tahellaria fenesfrafa, T, Jlocculosa, Nuvicula lala, N, irridis, N, enspidata, 
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SiirireUa hiseriaM, S. robusta; while some of the rarer forms, e,g. Meridion 
circMlare, were occasionally found. The curious heterokont alga Ofhiocytmm 
arbuscula, found in the rivers of the neighbourhood, apparently thrives in the 
harbour, and occurs quite frequently in the samples filtered. Of the Cyano- 
phyceae, gelatinous patches of Tolypoihrix sp. were sometimes found at low 
water. No freshwater Peridineae were found; indeed, they appear to be absent 
from the rivers also. 

Marine elements. 

Other things being equal, those organisms with the better flotation 
mechanism will tend to be floated into the harbour in greater numbers; but 
in the process of arriving they will have had to submit to vigorous wave 
action, followed by a rapid gradation of conditions from the marine to the 
estuarine. Most of the marine phytoplankton forms have been found alive in 
the harbour waters, but the fact of their existence does not necessarily prove 
that they thrive and multiply under such conditions. 

Some plankton captured on November 30th, 1922, was placed in a wide- 
mouthed glass jar and secured with a cover of fine bolting silk. This was 
wedged in with stones at the bottom of a flight of steps on the quayside. It 
was hoped by this means to ascertain how far conditions of life in the harbour 
were favourable for prolonged growth of marine plankton. As the tide rose 
and covered the jar there would be renewal of water but the silk would prevent 
egress of the captured organisms. On the following day, some of the contents 
were removed for examination. Thalassioihrix niizschioides was found to be 
fairly common, with also Coscinodiscus, Chaetoceras, Rhizosolenia and other 
plankton forms, besides freshwater forms, chiefly Chlorophyceae, and diatoms. 
On December 14th the remainder was taken awmy, and it was found that all 
the plankton forms were dead except Thalassioihrix nitzschioides^ which 
showed evidences of active multiplication. ' 

However, this could not be regarded as conclusive evidence either way, 
for the death of the plankton organisms might be due, not so much to the 
nature of the harbour waters, as to the fact that they were imprisoned for 
days under abnormal conditions of aeration and light. The success of the 
Thalassioihrix would seem to indicate its adaptability to live at any depth 
from a few inches to 18 feet or so below the surface; as with the inflow of the 
tide, the height of water over the jar increased gradually. 

No Peridineae were ever found living in the harbour, and in fact only very 
occasionally in the littoral intertidal zone. The fact that they were apparently 
so extremely sensitive made it difficult to carry on observations with a view 
to ascertaining the cause of this; transit ashore almost invariably resulted in 
a curious extrusion of the plasma resembling the ^'cytexuviation” described 
by Kofoidk 

In conclusion, the main feature to be noticed in the microphytic flora of 
the harbour is the paucity of epiphytic and planktonic as compared with 
U Kofoid, “Ceratium.” University of OMiJornm PuMication lYyl^OS, 
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bentMc forms. The scarcity of the first class of organisms is cine to the lack 
of suitable host; in the second, to the -greater contrast of physical. coiiclitioiis 
with those of the inshore waters. Nevertheless, it should be noted here tliat 
Allen, in his cultural experiments on plankton diatoms found that, other things 
being equal, they can withstand a plus or minus 50 per, cent, variation of 
nutrient, salts in the surrounding medium^. Schimper, on the other hand, 
holds that the ‘^difference betw^een halophytes and non-lialophytes is much 
more deeply seated in the organisation of w^ater plants than it is in., land 
plants^.’’ It might therefore be considered that the intermediate estuarine 
conditions make for a kind of experimental ground, wdiere the more adaptable 
freshw^ater forms may revert to a semi-halophytic mode of life, and where 
marine forms may develop a new’ habit. 

IV. VERTICAL DISTRIBUTION. 

On occasion, after the “regular” hauls were made, the net w’as w^eighted 
and a vertical haul made ; but as it was a small net of simple pattern, and not 
fitted with a closing mechanism, it w’as difficult in this w^ay to obtain an 
accurate idea of the vertical zonation in the column of w^ater thus filtered. 
Furthermore, the depth over the horizontal course w’as only some 7 to 8 
fathoms. Still, under varying conditions, the horizontal net could be made 
to fish in different layers of w’ater. 

One method of doing this w^as by weighting the mouthpiece of one net 
with a small lead, so that the net traversed a course some 18 inches or more 
below its fellow^ Another device w'as to vary the rate of towing. With the 
boat going at a fair speed, the pull on the net kept it riglit at the surface, 
notwithstanding the w^eiglit of the copper ring at the mouthpiece; in these 
circumstances the haul w^as fished from the surface 2 ft. of wuiter. When, on 
the contrary, the boat was allowed to drift with a fair current and a favourable 
wind, the net tended to fish at any depth down to the whole length of its rope. 
Except at slack water, the tidal streams here kept the nets usually at about 
3 to 6 ft. below the surface. In this w’ay catches could be made both of surface 
and of sub-surface plankton. 

Where a pair of hauls were made under the conditions cited, there was 
nearly ahvays a difference in volume, the sub-surface catch being usually 
greater than that at the surface. It should be noted that in the following 
examples the one exception, the catch of June 1st, was largely a zooplankton 
catch of Copepods : 



Surface 

Sub-Hurfaee 

Date 

C.C. 

c.e. 

3. V. 23 

0-82 

M5 

1. vi.,-23 : 

■ 2*24 ■ 

D30 

23. vi. 23 

0*98 

1*52 

5. vii. 23 

0*64 

1*27 

14. i, 24 , 

0-23 

O-30 

21.'iii. '24 .. 

4*9 

/5*5 


1 Allen, E.S, anil Nelson. “The Artificial Cultures of Marine Plankton Or^aiilsins,” Journal 
of the Marine Biological IdlQ, . ^ ScUimper. Plant (Imjraphy, Oxford, 1903. 



106 


Mctrine Phytoplan'kton of the Welsh Coasts 

Quantitatively, also, there was often a difference so marked as to be 
visible to the naked eye. For instance, the surface catch of May 3rd consisted 
of a fine pale flocculeiit sediment, principally RMzosolenia Thalassiothrix 
and ; the su haul was of a much darker colour, and showed 

these species less abundantly, with a preponderance of Coscinodiscus, 
Slreptfjtheca and Par alia. Another example is that of March 21st, 1924; 
the sub-surface haul was of a darker hue with Biddulphia and Coscino- 
diseus dominant, while the lighter, yellowish tinge of the surface catch was 
due to a relatively greater abundance of Rhizosolenia shrubsolei Mid Ohaeto- 
ceras dehile. 

While there is no hard and fast delimitation of the zones favoured by the 
various species, the following vertical succession would appear to exist; the 
difference was sufficiently great to be easily discernible on microscopic 
examination where the eye failed to detect any visible difference: 

Surface : Ditylimn, Gumardia, Bacillaria, Chaetoceras, Thalas- 

siothrix. 

Sub-surface: Coscinodiscus, Actinoptychus, Biddulpliia, Paralia, Asterionella, 
Lauderia, 

Bottom forms: Pleurosigma SuTireUa Nitzschia spp. 

(i) Surface species show the greatest variation both in the life-cycle and 
in the external form, i.e. these species contribute largely towards the seasonal 
changes in the composition of the plankton. The external form is usually a 
development of the spinous or elongated, as for example, Chaetoceras and 
Rhizosolenia; the coiled forms of Eucampia zoodiacus and R. stolterfothi are 
noteworthy. Endochrome is a light greenish or golden yellow. 

(ii) Sub-surface forms are for the most part built on bulky lines, often a 
development of the drum-like form. The frustules are sometimes single, as 
Aclinoptych/iis, joined by filaments, as in Thalassiosira, or closely united as in 
Paralia. Endochrome is a greenish-brown. 

(iii) Strictly speaking, the motile bottom forms do not belong to the 
plankton, except in the case of Nitzsekia closterimn, whose habit, as discussed 
previously, seems to partake of each phase in succession; but only after 
several days of dead calm is the plankton catch fairly free from these benthic 
forms. 

V. TEMPORAL BISTRIBUTIOIv (PERIODICITY). 

1. The Plankton Cycle. 

The work done in this section extended over a period of 18 months, from 
October, 1922, to March, 1924. Even in this space of time notable variations 
in the phaenology of the more important plankton groups were observed, and 
although it might be unsafe to deduce a general yearly cycle from data 
collected in so limited a space of time, some attempt was made to work out 
a coherent sequence of plankton associations throughout that time. 
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(i) Volumetrie dMa, 

A useful, tlioiigli by no means conclusive guide, is the voliriiKhrir variation 
in successive plankton hauls; the volume was estimated liy ailowing the eateli ; 

to sediment in tall tubes about 10 mm. in diameter, and tlieri replachig tlie 
same with a known volume of water.' The'. accuracy of this metluMl Avould 
naturally' vary considerably with the nature of'' the catch, as. .forius with 
spines or appendages retained a much higher percentage of uniter in the 
sediment than spherical or discoid organisms such as Nociilum or Cosdno- . i,; 

.discus. For the same reason, any git^en catch when measured after a, lapse of ! 

some time,, was found to give a lower value; the tendency of the plankton to 
become shattered and much broken up resulted in their occupying considerably 
less space than when newly caught. 

In order to lessen the already high chances of error, larger forms, such as ii 

Pfei/ro6mcAm., or larval medusae, were removed before ineasuriDg; I] 

further, when two or more catches were made on the same date under slightly | 

differing conditions, an average of the results has been struck. But, not with- : 

standing the possible, or rather probable, sources of error lorumerated above, 
it was thought that the figures obtained bore some significance; and they are 
accordingly presented in Fig. 4. ;; 

“ A sudden increase in the volume of the catch does not necessarily mean 
increase in the number of organisms prevalent at the time, or even an increase 
in the total number of organisms^,” The quantitative values are to be taken 
as significant only as long as the qualitative nature of the eatcli is taken into 
consideration as well. For instance, on March 9th, 192-1, tliere is what appears 
to be the normal spring increase in diatoms, but it is followed by a sudden 
rise in volume on March 29th. This, however, is <lue to an abundance of 
pelagic fish eggs, there being relatively few diatoms present. Tlrus the quan- 
titative records alone give imreliable residts, for it is less reasonable to pre- 
suppose in this case a great and abnormal drop in the number of diatoms than 
to attribute the same to a choking of the net with the eggs, thus impeding 
filtration for the obtaining of a properly representative catch. 

A further exam 2 )le of this is shown by a conskleration of the tow-net 
catches of the summer months of 1923. The quantitative results show a fair 
volume in the early months of June, with a sudden drop in July and August. 
Qualitative examination, however, reveals that the June abundance consisted 
mainly of the comparatively bulky Copepods, and that in July and August 
there is a great increase in Peridineae; as these are for the greater part very 
small forms, they give a very low volumetric value. 

These two cases illustrate the necessity for supplementing comparative 
volumetric work witli qualitative data, in order to obtain an adequate picture 
of the yearly plankton cycle, 

^ Herdman, W, A. Jourmd of the Litinamn tSix ldy, 1922. 
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One noteworthy feature should be considered here; a comparison of the 
volume of the 1923 plankton catches from Aberystwyth with that of hauls 
made elsewhere, with the same nets and at about the same season, shows that 
of this district to be markedly less. As this was found to be the case when 
comparing with several localities, e.g. Port Erin and Menai Straits, it was 
concluded that Aberystwyth, and not these other areas, showed deviation 
from the normal (Fig. 4). 

This curious circumstance developed a special interest in those cases where, 
although there was great difference in volume, the qualitative composition 
was much the same, e.g. the March and April, 1923, phytoplankton catches 
contained and Chaetoceras spp. respectively in much the same 

proportions both for Aberystwyth and for the corresponding other district, 
but the Aberystwyth catch in each case is lower. 

I suggest in explanation of this, a hypothesis following the lines of 
W. H, Pearsall’s theory of diatom periodicity ( 8 ). He states that the factor 
limiting diatom periodicity is deficiency of oxygen, nitrates, silica, or calcium ; 
the spring and autumn river floods remove much terrestrial material in 
solution, chiefly nitrates and phosphates. He shows also that increased 
nitrate content of the river waters is correlated with a similar increase in 
silica. “"Lowered salinity is certainly due to the discharge of flood waters by 
the river, and since the average freshwater has a much higher nitrate and 
silica content than has the sea, it may be assumed that lowered salinity is 
normally correlated with higher dissolved nitrates and silica in the sea water” 
(loc.ciL), 

The particular application here is that river floods have been proved to 
bring down a greater quantity of lead and zinc compounds, chiefly as minute 
particles in suspension, though with a small amount in solution. Now most 
algal forms are extremely sensitive to even infinitesimal quantities of metallic 
salts in solution, so that vegetation in these rivers is extremely scanty; whether 
the river waters discharged into the sea are sufficiently toxic to affect the 
plankton diatoms adversely would have to be proved by actual experiment; 
but this is certain for the Aberystwyth waters, that the very fluvial influences 
which tend to promote diatom growth with the increased nitrate and silica 
content, bear at the same time an increased toxic charge of lead and zinc 
compounds. 

At all events, the following would seem to furnish corroborative evidence. 
The usual September-October diatom maximum for 1922 was delayed until 
November-December of that year, when Chaetoceras spp. and Thalassiosira 
were abundant. Correlated with this is the fact that September in this district 
was characterised by heavy rainfall and much flooding; October and November, 
on the contrary, were abnormally dry, and December very dry, thus allowing 
for a delayed but well-represented autumn maximum^ 

1 It is noteworthy that the flowering period of many terrestrial plants was delayed some six 
or eight weeks in this district. 
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To take a second example, the early, months of 1923 were characterised 
by high' seas and an abnormally high rainfall, thus swelling the rivers; the 




prevailing winds, too, were from the S.W., driving the of)ntaminated waters 
of the Rheidol northwards along the coast. At the same time, the vohime of 
the plankton was at its lowest. Contrast these conditions with January and 



110 Marine Fhjjtoplmikton of the Welsh Coasts 

February of 1924, cliaracterised by clear seas, low rainfall, and prevailing 
N. and N.E. winds; liere tlie plankton volume rose slowly till mid-February, 
and tiieii increased ' very cpiickly. Possibly, indeed, the whole of the 1923 
plankton may be considered to be somewhat deranged owing to the abnormal 
meteorological conditions which prevailed then. 

(ii) Composition of the fhjto^^ilanhton. ■ 

Plankton organisms are classifiable according to their group habit as 
follows: 

By far the greater number of plankton species have a period of maximum 
development at one or two biological seasons during the year. Most genera 
attain their maxima at a period between March to June, with sometimes also 
another growth period in late autumn. A second and less important group 
comprises those forms which are constant components of the plankton flora, 
but which are never found so abundantly as to affect quantitative values. 
Such forms usually occur in very small numbers, e.g. Steplianopyxis turns, 
Geratium tripos (though this latter is recorded as abundant in the. summer at 
Port Erin). Thirdly, we have those species which occur at intervals throughout 
the year in an apparently anomalous manner, though they sometimes seem 
spasmodically abundant, e.g. Streptotheca thamensis. 

(iii) PhytoplanMon phases. 

The periodicity figures upon which most of the conclusions arrived at 
were based, were obtained by a method of estimation to be described in the 
writer’s forthcoming paper on technique. These data were tabulated and a 
cycle of the yearly phases constnmted, A detailed account of the plankton 
.flora month by month is given below, but some preliminary observations as 
to the seasonal succession of the various ecological units will first be given. 
For Aberystwyth, four seasonal phases can be recognised : 

(a) The spring phase is by far the most important as far as the phyto- 
plankton is concerned; three distinct stages can be observed. Firstly, there 
is a sudden rise in February-March, with an increase in Biddulphia regia and 
the larger Coscinodisci-—C'. coneinnus, C. grani and C. sub-hulUens, The 
smaller form C, raMatiis, with. sAso B. mobiliensis, have been present throughout 
the previous phase, and persist for some time undiminished. The spring 
Coscinodisci and B. regia bulk large in the plankton; both forms are easily 
visible to the naked eye. There is also a great abundance of Bacillaria p)aradoxa, 
with some slight increase in the number of such forms as Lauderia and 
Rhizosolenia. The 1923 Biddulphia-phase came quite late in March, but in 
1924 the rise began in mid-February. 

Secondly, this Biddulphia-maxiimim. was overlapped by the April Chaeto- 
ccras-phase, consisting almost entirely of species of this genus, chiefly Ch, 
debile, decipiens, danicum, cMrvisetum, densum and teres. 
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Thirdly, thin Ch(wi oeerfw-phme gives way in early Mtiy to ahinidaiit 
BJiizos^iletna and /?. Hlmihsotei, followed by a.^!! iriereasi^- in (h^iiuinliu 

jhuviihf and It siolfrrjofhi in June. Zooplankton is abinaiant frmn this inonth 
onwards. 

(b) Tlie summer phase is short in duration, with scarcely jiny diatoms, 

and a moderate ainouiit of ^looplankton. Binoflagellata are quite freqmuit, 
but by no means abundant. They began in mid-Juiy with the occiirronce of 
some/ noidfiern oceatiic forms as Cerafmm longipes, C. f. fri gi da, 

and gave way in early August to an abundance of tlie smaller Peridineae, 
chiefly spp., Gonymdax, DiplopsaMs {s^nd its derivatives), and 

in sniall number 

(c) The autumn phase is characterised by a second increase in diatoms, 
blit it is a smaller and apparently more erratic increase tlian that of the 
spring phase. Herdmaii stuies that Ptthe secondary lesser maxmium in 
autumn... is very variable both in extent and in constituent organisms” (3). 

OhaetoeemH is the typical genus, and the 1922 autumn phase here in 
Noveml)er -December certainly showed an abundance of Chaeforeras s])p., 
with, also ThaJmHioHhxL In 192J, however, there is a very scaiity indication 
of the diatom increase, and this is attributable to B. moblUiams and C. radiatus 
rather than to Chaefnrems itself. In fact, both the s])ring and autumn 1923 
P/»uc/occw.v-])hases seem to be somewlmt erratie in tin* A!>ervstwytb records. 
Com])a.re tlie poor autumn development here with the 8annd(‘rsfbot records, 
a CKmtrast best seen by referring to Fig. 4. 

(fl) The winter jihase is a “monotonic” phytoplankton, consisting priiici- , 
pally of Biddalphia wobiUeNsls, Comdmodiscus radialm, Thalamothrix, Paralia 
and Actinoptyehas, The total volume is always small. A point of interest is 
that, just at the minimal development of the two winter phases, there is a 
brief but striking “swarming” of Ceratimn spp.; (tfa.^as on January ITtb, 
1923, and (\fami on Xovember ist, 1923, the latter being followed by an 
abundance of Profocminmi miems. ft was found that in tlie latter case, the 
swarm liad almost disappeared by November 5th. 

The above phases are graphically represented in Fig. 5. 

^iyy.y ( Analf/sisof the plankton flora, 

Orfahrr. CJiadorcras R])p, aiul TJialasftiosira sf»p. frequenit, with also C, ■radiaiu.H and fi. niohilienj^is-; 
Adcriotirllfi and Cvraiinm fumis, Hkeldanernd and Paraliu prescnit in sniall niitnhcrs. JYw 
Cope pods, 

Soremher, As above. 

Jhrfimbi'r. (Jh. vurvisduni; didynmm, decipkns and tere^ still present, liut decreasing in numbers. 
Occurren<a> of soine forms rare for Aberystwyth, e.g. Bade.riadnuft varifniM, Skphatiopyxes 
liirrk; possibly traees of a winter invasion from oceanic waters. 

1923 . 

January, Decrease in diatoms, delayed winter minimum ; Actinojdychun, ( radiafan, niohdiv/nnin 
and Thatamolhrir', Vrratmm Jusus swarm, 

Fvhruary, As above. 
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.Marrli. lncrf‘as<' iii !U<ldulpliia regla^ Bacillariaf Chscinodhcus gniui, O. suh-hnIlicN<'i, ( fortr.innv><; 
l{i<‘ \vint(‘r cUatonis still frequent. Abundant pelagic fish eggs on the 29th. .Mid-AIareh toiv- 
ii(‘f lings at flangor sIuAvtHi a much greater volume, with abundant IJ, Adn /eves, Eucaiupia 
Balnnus mtuplii and larval stages of Co]iepods and Ostrac^ods. jhal Wharf Bay 
(2Sth) })iin<fipaHy of Tlialitfidothrix, 

April. I'he 1 7nn7oeo/Yas-phase, though this genus itself is not well represented; TjdKhria, Thahis- 
Hinllirix [)]'esent. BkldulpMa decreasing; ItJmosoimki and GudnartUfi incn^asing. Tow- 
nettings at Port Erin gave a somewhat greater volume with more abundant Chtfloru-un sp])., 
Eurampid and Fragilaria. 

Jfa//. JSligiit dr(.)]j in volume; BadHaria, and Ohaetoceras in small iiinnhers; B'hizo- 

Hoknia dirid>,'iold, R. slyliformis, E. setigeraf R. senvispina and Thcdasr-iothrix frequent. 
Ihdo-'^phacra; small Peridineae with also some zooplankton. Phaeoeystd on the 22nd. 

Ju/(c. CIrtait abundance of (Itiinardki, with Rhizosolenia sp|)., chiefly R. stoUerfothi; Halosgiha&m; 
stnall IJinofla-gellata increasing: Prorocenimm mimm, Peridinium Sjip. and IHgdopsadis. 
^omo Ccraii tun i)/ten)icd ill m,. Ckqiepods dcnninant at the begin iiing of the month. 

Picd Wlinrf P)ay has alnmdant Guinardia and R, stoUerfothi with a .Nodiluca sw\arm. 

Jidg. Considerable decrease in volume; few^er diatoms and Copepods, but the small Peridineae 
are aliundaiit. 

Late June and July oceanic in general character, with a slender form of .Ceratmm furca, 
»p]). aii<l tiuc large CWpepod 

Aiifjttsf. Detrreast' in Peridineae; P. micawa in small numbers. .Dhtephanns spcciduni; diatoms 
roapjK'ar, with lliildnlphiti niobilkmsis, B. tdiomhus, Bctdllarki i%\n\ Bcllerorhut. 

Se)ttetnhrr. Slight incriaise in the above, with also Coscinodisms radintns^ Adi nophjckus and 
smtdJ xmmhoi'A ol ChnvRn'cms Rhizosolmia spp. 

Tow-nettings at Saumlersfoot showed abundant Chadoceras, ThalaMhsira and Thalas- 
siofhri.r; Biddidphia aUcntftns. 

October. Slight increase in volume, but more characteristic of tlie winter phase, with C. radiakis 
and ii, mobUimsis. 

Xorember. As above; winter minimum. Sw'arm of C. furca and Prorocentnim micam, 

Dect/nher. As above. 

1924. 

Jannartf. Increased volume; Lauderia^ Rh. semispina. 

Februarn. Slow rise at liegiiming of month; about the 20th a sudden development of B. regiaf 
Badllarki, and tlie largtu’ Costduodiscus spp.; some Chactoceras and Mhizosoknia. A few 
larval zooplankton organisms; Sagiita frequent. 

March. Great increase in volume; BklduVjMa-mtxMnmm towards middle of the month; increase 
in Chadoceras debile snid in RkizosoUnia .sewespiaa towards end of month, 

2. Phaenology of the Chief Species. 

' Different genera and even different species of tlie sanie genus may have 
tlieir period of maximal development at different seasons. It has lieeii shown 
in the foregoing paragraphs that a classification of the phytoplankton is 
possible, into groups whose members have their maxima at the same biologic 
season. Any cause which tends to delay or inhibit any one form will ten<l. to 
affect in a similar manner all the other forms in that phase also. The following 
account of their phaenology was deduced from the resxdt of the tow-net hauls, 
supplemented in the summer months by centrifuging water-samples. 


$ 
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Diatoms. ' 

Actinoptyohis undulaim. Present through winter months, moderately abundant towards Pebruary; 

disappears April to May, reappearing in August. 

Askriotiella japonica. In small numbers October to May; spiral form frequent. 

Bacillaria paradoxa: Small numbers October to early February, c. February and March; absent 
April to August. Follows i?. closely. 

BacteriaMmm> tmHa7i-s. Very rare; occasional individuals December to March. 

BellerocJiea ‘malle^is. Rare; October to January; ax:)parently an autumn form only. 

Biddulphia alternans. c. September, Saundersfoot; absent from Aberystwyth. 

B.favus. January to March; ilugust to October. , 

B. gmnulata. January to March; August to October. ■ 

B. mobiliensis. Frequent September to Alay; maximum March; present in very small numbers 
through the summer. 

B. regia. October to Axiril; maximum February to March. The allied species B. mobiliemk has a 
longer range over the biological year. - 

R. Fairly frequent August and November, 

B. vesicMlosa. August to October; January to February.. This species, wth also B. rhombus and 
A. /ams is usually restricted to the littoral inshore waters. 

GeratauUna bergom. September-October and February-March; r. 

Ghaetoceras boreaU. October to December and March to April. 

6V ctirw 056 toi. October to January and April to May ; c. 

0. r.r. August to October; c. March and April. 

G, ermitmn. March to April and September to October; an early species of Ghaetoceras. 

CV An early species; March to April .and September. 

G. danienm. March to May and October to December; maxima in April and October. 

G: debile. Earliest spring Ghaetoceras; early March to May; August to November. 

G. decipiens. August to November, March to May. 

0. r.r. October to December; frequent April. 

G'. Frequent November to December; r. April. 

GV Zacmms'ww. October to December, April to May. 

C. scJmtti. /Fmqumt April to May; also present November to December. 

G. sociale. r.r. February to April; o. September at Saundersfoot. 

G, simile, r.r. April to May and September. 

G . pseadoerinitum. r.r. April. 

G. teres. Frequent September to December; c. early March to April; one of the commonest 
species. 

G. Willei. r.r. September to December and March to Aj)ril. 

GorefJiron hystrix. One individual only, December, 1922. 

Goscinodiscus condnnus. August to October, January to May; maximum Alarcii. 

G. excentriciis. January to April, September to November; not common. 

G. grand. October to December and January to April; maximum March. 

6'. radiatus. Present throughout the year except June and July; is typically developed in the 
winter months; maximum in, January.' 

0. suh’buUiens. Present February to April. 

Goscinoslra polychorda. Occasional individuals December to February. 

DUylium hrighkvelli. Present October to December in small nunibcrs; frequent March to 
June. 

Bucampia zoodiacus. Maxima March and September, Bangor and Saundersfoot respectively; 

r.r. Aberystwyth. 

Fragilaria oceanka. r.r. July. 

Guinardia flaccida. March to July; maximum June, 

Hyalodiscus stelliger. c. January to March. 

Lauderia borealis. February to April; maximum March. 



115 


Blodwen Lloyd 

Le.pInojUiidrn-'i fUnncui-i, Fro(|iiejifc March to April; absent other inonths. 

Xiizschia chsffn'uni. February tr> June; maximum May. 

Jih/yMoicfN'fi .^foii(ir/ofjN\ January to July; niaximiim June. 

Jt ilii'uLsolu. (Jetober to June; maximum May to June, 
it, •'>ttni,sphi((. Aoveiub(‘r to .May; not very common. 

IL .^efujaa, r.r. January to May. 

II. ■shflijonnl'^. October to December and Maj^; frequent. 

co.'-ifthf di . August to October, January to May; maximum May. 

Sfcjt/iaitopi/A'i.-i fnrn\)i. r.r. December to January, but c. Septemlieiv Haundersloot. 

Tiifila.^ipiosira gravida, r.r. October to November and January to mid-March; frequent November, 

1922, also September, 1923, Saimdersfoot. 

T. nortitutrsldoldii. c. September, Saundersfoot; absent Aberystwyth. 

T. condenmia. As T. nordenshioldi. 

Tlada-s'siofhrU nitz-schioide.s. Present all the year except June and July; maximum January. 
Pandia sulcata. Frequent December to May; x^ugust to October. 

Dinoflao-ellata. 

CeraUim. tripos. Usually only r. but often present in the hauls, March to September; maximum 
July. 

C. balaciun. r.r. July and August. 

( '. inlcrwvdiunt f. frigida. Fr<Mjueut June to July. 

O. flisu.s. Pr’c.Ncnt in small num)>ei‘.s all the year; maxima February, xlugust and November, 
1922. 

C. furca. January to ManJi, Septc^mber to November. 

Jji plopsalis Icuticula {aiul allied forms). July to September; few individuals Maitili to June, 
Dimphysis acuta, r.r. July and August. 

D. rotundala{Phalai:ro)uarofuHdaia). r.r. Juty and August. 

Ptriditiiopsis (wjmMdrica. .May to September; maximum July to xVugust, 

(jonyaulrix spinifern. Marcii to September; fairly frequent. 

Pv.ridinium roificuai, r.r. July. 

P. depress inu. February to August. 
i^ divergens. February to xViigust. 

P, ovalum. May to August. 

P. pallidum, r.r. August. 

P. pellucidnm. r.r. August. 

P. Stcini. r.r. xVugust. 

Proroceutrum, mirans, r.r. July and August, but o.c. in tow-net catclies November 1st and 5th, 

1923. ^ 

PROTOIMIYTA CETERA. 

Distcpliauas spccahuu. r.r. July and August, but i)i’<3Bent October. 
naiosphaem virid'is. May to June; e. 

Pkacacysiis syp. r.r. April to June. 

Oxyrrhis marina. May to August, 

Trochiscia r.r. 

Zoo FLAN KTO .NT 

1 am inclehtt'.il fo Mr E. B. Watkins, Zoology Department, for mueli Kelp 
with the identification of the zooplankton forms. These are practically absent 
in tilt! winter, increasing in spring with Balanm uanflii, PUilcm larvae and 
larval stages f)f Copcpocls and Ostracods. Tlie end of March, 1923, had ahnndant 
pehigic fish eggs; in 1924, at the maximum of the DwWM/p/i/tt-pha.so, the 

8—2 
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Copepod Cydo’j)s was most frequent. April and May had comparatively little 
zooplankton, but Copepods were dominant in early June. The July oceanic 
waters brought in the large Coj)epod Calanus finmarchicus ; postlarval fish 
stages and hydromedusae were quite common in this month too. Pleuro- 
brachia jjileus, Sagitta iijmnclata and Noctiluca miliaris occurred in small 
numbers from March to September. Whiting and herring were fished in the 
bay, but in 1923 there was no mackerel. 


3. Nannoplankton. 

It is known that many of the very minute plankton organisms are lost 
with even the finest-meshed nets; they are so small as to pass easily through 
the mesh, and are only captured when entangled on the threads of the silk, or 
among the spines and setae of the larger forms. This loss of plankton has been 
variously computed by difierent observers as being from 2 to 50 per cent. 
In the summer months of 1923, therefore, the tow-net catches were supple- 
mented by centrifuging water-samples. 

Table IV enumerates those organisms centrifuged from 60 c.c. of sea- water, 
the water-samples being taken about 1-|- miles from shore, at the time of the 
'"'regular tow-nettings. It will be seen that, of the nannoplankton, the greater 
proportion are the small Peridineae; the very small plankton diatoms are 

Table IV. The Nannoplankton of the Summer Months. 


Diatoms 

Biddulphia mobiiiensis 
Ehizosolenia stoiterfothi 
„ shiubsolei 
Guinardia flaccida 
Cerataulina bergoni 
Chaetoceras boreale 
Thalassiothrix nitzschioides 

Pbeidinians 
Dinophysis acuta 
„ rotunda ta 
Gonyaulax spinifera 
Diplopsalis lenticula 
Peridinium conioum 
„ depressum 
„ divergens 
„ ovatum 
■ » , ■■ '■•spp.' , 

Prorocentriim micans 

Peotophyta cetbea 
Disteplianus speculum 
Acanthonietron pellucidum 
Halosphaera viridis 
Oxyrriiis marina 
Trochiscia sp. 



(Numbers in 60 c.c, of sea- water.) 
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represented by SMelonema .and NilzsoMa dosteriam in particiikr, but, a,s the 
ceiitrifiigiiig work wa,s fione in the summer, months whe,ii diat-oms 'W'ere scarce, 
tliey cannot be considered as adequately, refiresented liere. The greatest 
development of nanno])lankton is in the summer months, wlien Feniiiu'nnyi- 
spp., and BiplopmlhH and its allies are at their highest. Gonif afflux is present 
in small immbers from the tow-nets from February onwards, and Prororerdium 
rinr(i}hs is abundant as late as November: Dinophysis is confined, to the mid- 
siiiiinier records. . . 

Of the protista, Distepkanus speculum, Oxyrrhis marina, AeawiJiomMron 
pdlucidtmi, TrocJdsda devei and. several unidentified Cryptomonad forms 
were recorded from the water-samples; no Coccolithophorideae were observed, 
except ill May, when a imicellular brown xanthella-like organism was found. 

Hahsphaera was found in the water-samples, as well as in the tow-net 
catches, but it should be noted as a curious fact that the large phytoplankton 
forms such as Biddidphia, are relatively much less common in the water- 
sam|)les than contenqjoraneons tow-net evidences would seem to warrant. 
FuT’thermore.. no sample w^as found to collect any larger /.ooplankton forms 
smdi as PIcarnhrachia, It would seem therefore that the smaller the W’^ater- 
sani|)le taken, tlie less jire the chances of capturing the larger forms. Table 4 
also shows that the small Peridineae noted as rare in the tow'-net catches are 
quite numer<.)us in the water-saiiiples, and are found to be sedimented by the^ 
centrifuge when not recorded at all from the tow-net. 

Wherever possible, the derivatives of Dvjdopsalis lewlmda tvere identified 
according to the recent researches of Dr Leboiir (7), but the difficulty of 
preliminary clearing for evaluation of the plate formula, together with the 
small amount of material available for examination, rendered this a matter 
of some uncertainty. Wliere the identity of such forms wvis doubtful, they 
w^ere referred to Di plopsalis. For the genus Peridiniuni^ Paulsen’s classification 
,in NordiscJies PJanldon (2) was employed. 

These nanrioplaiikton records were somewhat cursory, but it is hoped to 
make a fuller study of these interesting forms during the summer of 1924. 

?I. CO.MPA:eiSON with other plankton RECORm, 

The frequency records o!.)tained during the past 18 months are on the whole 
very similar to tlie 1905 results of Gough and Bygrave for (Jardigan Bay, 
There ar<\ lunvover. some slight difiarences for the maxima of the successive 
y<‘U.iiy phases. As in these records, the Bfrfd/dp/a*u-phase comes in early 
spring with a lesser maximum in September. The spring Clm£toceras-pliB>se of. 
1905 is (belayed till June, with a cGrresponding delay of Jih. shrabsolei to 
August, lih. stollerfathi is only r.r. in the 1905 table, wliereas it wms common 
in Junci of 1928. In both these periods the autumn phase is cliaracterised 
by a poor (levc-hqnnent of Uhaetoceras.- ... 
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With regard to the Dinoflagellata, both years show a Peridiniimi-Diplop- 
salts maximmn in August, with also Ceratia of the ^npo.^-type; however, 
1905 has a. C.fufca and C. fusus maximum at the same time, whereas 1922-4 
has a sudden winter development of these species— 6t in the first winter 
phase, and /wrca in the second. 

Certain forms found fairly frequently elsewhere were only occasional in 
this area both in 1905 and in 1922-4. Thalassiosim spp., Coscmosira poly- 
chorda, Eucampia zoodiacus and Belief ochea malleus are chief among these. 
Biddulphia sinensis also has been observed on a few occasions only; it is 
naturally not represented in the records of Gough and Bygrave, as its migration 
(thought to be accidental) from the Indian Ocean to North European seas 
did not take place till 1903; and it was first recorded for British waters in 
1909. The occurrence of Eucampia along the Welsh coasts seems to be some- 
what erratic. Riddell notes^ that ‘Gts complete absence from our Carnarvon 
Bay records is rather puzzling, unless we suppose that here too the flowering 
period was later than September. On the contrary, it occurred in fair quan- 
tities in the south of Cardigan Bay on May 21st.” Here it is only very occa- 
sionally present, and then only r.r., although it was quite abundant for Bangor 
in March, Port Erin in April, and Saundersfoot in September, 1923. 

A suggested explanation for the rarity of these forms here is as follows : 

In comparison with plankton records for elsewhere along the Welsh coast, 
it would seem that Cardigan Bay possesses an indigenous flora comprising 
most of the outstanding phytoplankton species; the rarer species wmuld then 
tend to occur only with an invasion of currents from outer waters, and even 
then in small numbers only. Herdman states that midwinter and midsummer 
are more oceanic in character than other times of the year; this seems to be 
the case here, for November-December and July-August are the two periods 
in which such epidemic forms as Bacteriastrum a,nA Bellerochea mq apt to 
occur. 

In contrast to this is the fact that Goscinodiscus radialus, Par alia sulcata 
and Thalassiothrix nitzschioides are typically winter forms, but are present in 
small numbers throughout the year ; Gough’s theory of the distribution of 
neritic diatoms is that they occur at definite times only, in places near the 
ocean, “but stay all the year round in suitable localities far removed from 
it” (6). With regard to those forms which are rare here, it is therefore sug- 
gested that conditions in this particular sea area were initially unsuitable, 
and further that the bathyorographical conformation of the bay militates 
against a too easy incursion of forms brought in by oceanic currents. 

The March, 1923, tow-nettings from Red Wharf Bay and the Menai Straits, 
besides being appreciably greater in volume, are considerably richer in 
Biddulphia sinensis, Eucampia, Fragilaria and Thalassiosira spp., when com- 

1 Hidden. “Plankton of Periodic Cruises.’ ' Eeport of ihe Lancashire Slea Fisheries Lahoraiory, 
1913 . 
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par^Mi •with the Aberystwyth spring phase of that year. Tltat of Hd4 shows a 
grt‘ater volume, hut. is still lacking in those forms listed as epicitouir for this 
district. Similarly, a coniparison of the September , 19'2:t ‘■‘regular*' tow- 
nettings with those from Saxmdersfoot in. the same month, shows the hitter 
to ha.vt‘. a much greater volume, with more abundant Chaelovena^ 

danlnuiL defdpiefis, teres; t\mm B>re also present Thfdifssinsira (jrarida^ 
deci])ivy{S, conderh^dta, Kucanipia^ and a form not foinnl elsewliere aJong the 
AVelsli coasts, .namely, BiddifJphia alternms. It occurred in fair abundance. 
J udgiiig from this one series of tow-nettings, this bay on the .Bristol Cfiaiiiiel 
appears to be piarticulaiiy favourable for the development of phytoplankton. 

Wltli the above reservations as to the absence of certain species, the same 
general yearly course as that of the Port Erin records was found to hold good: 
it is stated in the 1906 reports '■'that the distinction between the eonstituenfs 
of the ])lankton of the Welsh and Lancashire coasts is very marked.’' 

From observations extending over a long period of years, Ilerdman places 
the Biddidphia-ri^i^ at il arch-early April, with Chaetoreras dehile in late April, 
C/l soidale in .May with Thala.sslosira spp. and Lcnideria; and Gulnurdla and 
]lhizoi<oleii.ia s|)p. in June. (V/. soriale is not nearly so fre((mmt here, and (JJl 
horeale seems to liaa^e a- wider range over the biologic year ; Hfwdrnan states 
that it does not ap[)e,ar in the Irish Sea till May. Here, as there. Rhizosolenia 
s|)|), devtdop in the order semispina^ shnibsolei, stolterfotki. but the former is 
not very common, an.d the latter is practically confined to a brief development 
in June. 

With regard to the Dinoflagellata, Ceratium tripos and tripos-forms are 
not iit all (‘omnioii here, whereas at Port Erin they are recorded as having a 
fairly important summer maximum. This is perhaps not surprising, as the 
Irish Sea is much more open to northern, oceanic influences distributing the 
summer trifios-jxiaidvAon ” of Cleve. For a similar reason tlie '‘sira-piankton A 
of the earlier months of the year at Port Erin, with Thalasslosira deeipiens 
and 77/. nordeyskioldi, is welbde veloped ; whereas Cardigan Bay, being less 
accessible to these influences, has only very occasional individuals of these 
species. The '"tricho- plankton” or winter phase, with Ch. horeale. Oh. dejnpiens, 
Biddidpkia mohilieiisis, Coscinodiseus and Rhizosolenia spp., is jweseiit for 
this district also: and there is a similar spring or 'Alidymus” phase consisting 
mainly of C7//rc/o/'cms* spp. 

It should be noted that there was a 1923 summer oceanic invasion for 
Al)orystwyth, with Dinoplnjsis spp,, Ceratium intermedium and smaller 
Peridineae. , , . 

Tlie Aberystwyth |)laiikton appears to resemble that of the Plymouth 
records very closely. With regard to the diatoms, hoiyever, BkeJeionema seems 
to be mucli more abundant there than here; this is perhaps due to the fact 
that the tow-!iets missed many such small forms. RK stoUerfofM is recorded 
as the commonest Rhizosolenia sp. at.', Plymouth, whereas Aberystwyth 
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resembles Port Erin in having more abundant RJi, slmibsolei. Dr Leboui 
records several sp. of Thakissiosira. Thcdassiothrix and Ooscinodiscus radiatus 
occur practically all the year round here, but at Plymouth, the former in 
particular, is ‘ba pronouncedly mnter form’’; Bacillana, on the contrary, is 
present there in small numbers throughout the year, but here it follows 
Biddulpliia regia closely in its distribution through the year. The occurrence 
of Dinoflagellata is much the same in both cases; Ceratiiim tri23os is only 
occasional, and CK fusus is practically the only winter peridinian. 

LohmaniTs figures for Kiel (Steuer) show much the same diatom curve, 
but here again there is a strikingly less-developed SJceletonema-plis^se for 
Aberystwyth; at Kiel it begins to increase in March, is equally abundant with 
Chaetoceras spp. in April, and is the dominant form in June. There, as also 
in the Irish Sea records, Ceratium is abundant from June to November, with 
a maximum in August. 

A special point brought forward by Steuer is the progressive hastening of 
the spring maximum, with a corresponding delay of the autumn maximum as 
we progress southwards. 'Me weiter wir nach suden vorschreiten, desto frtiher 
tritt das Ertihlingsmaximum, desto spater das Herbstmaximum ein^.” There 
is no considerable range of latitude in British waters for local application of 
this, but when compared with records for the north and south coasts of France, 
it is well borne out. The Port Erin maxima are in March and September; 
those of Plymouth are in April and October; Mangin gives them as March-May 
and October-December for St Vaast la Hougue, Pas de Calais; while Pavillard 
records from Golfe de Lyons maxima in February and November, with also 
a few diatoms in June. 

In conclusion, I wish to tender my acknowledgments to the Department 
of Scientific and Industrial Research for enabling me to take up this work. 
In addition to assistance received from persons mentioned in the text, and 
gratefully aclmowlefiged here, I am greatly indebted to Mr S. G. Jones, M.Sc., 
for much help, ailH to Prof. J. Lloyd Williams, D.Sc., for the criticisms and 
assistance afforded me throughout the course of the work done. 
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ON THE ECOLOGY- OF THE VEGETATION 

OF BRECKLAND 

By E. PICKWORTH FARROW. 


VIIL VIEWS RELATING TO THE PROBABLE FORMER • 
DISTRIBUTION OP CALLUNA HEATH IN ENGLAND.' 

(With om Figme in the Text:) 

Calluka lieatli alternates with grass-heath in Breckland,. and this was pre- 
viously supposed to be, probably due to varying proportions of lime in the 
associated soils— -some of the grass-heaths approach chalk pasture in the 
character of their vegetation and the soils frecpiently contain appreciable 
(piantities of lime. 

As described in Part IIL it was discovered however that many of these 
grass-heath areas arise by the degeneration of typical CalhnHi heath, owing 
to ]>i()tic attack on the CaJlffna. This process of degeneration of Vaih(na heath 
to grass-heatli occurs in many localities i.n Breckland and is a widespread 
phenom,enon in this district. The process has probably been going on for 
some time and man}’' areas now grass-heath were do-iibtless once typical 
Galkina heaths before they were rabbit attacked or grazed so heavily as they 
are at present. 

M'any things indicate that Higham Heath, which lies on the south-west 
border of Breckland, a-iid which is now a pure grass heath, was very probably 
once a typical Gallnna lieath. Some plantations of gorse bushes have been 
made on Hig.liam Heath but these are degenerating rapidly at tlieir .edges 
owing to the rabbit attack and to grazing by sheep. Some planted, gorse 
.bushes occur on, Caveiiham Heath and they do not degenerate so' .rapidly as 
the CaUunau T,hiis if gorse degenerates rapidly on Higham Heath, Gallana 
wo'uld have degenerated more rapidly, under comparable biotic attack. The 
absence of Galkina now is no evidence that it was never ,the.re. 

Runiex aceloHella, indicative of acid surface conditions, occurs on Higham 
Heath. Galhma is not 'intolerant of a high^ lime content below the surface 
layers of soil, provided other conditions are favourable, but lieavy biotic 
attack by slieep or rabbits or both has been shown to be extremely a'nta- 
go'nistic to its persistence. ' ' ■ 

Remarkable mixed c(,>nimunities termed chalk-heaths'' ami 'dimestone- 
heaths’’ sometimes occur on soils overlying calcareous materials. These are 
characterised by a mixture of\typical heath and typical limestone plants, 

Tliia'.Jo-txH.NAn 
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Tlie surface layers of undisturbed soils overlying calcareous rocks are typically 
extremely poor in lime altliougli the lower layers of the soil are usually rich 
in lime. Various writers have recorded that Calhma can colonise the super- 
ficial layers poor in lime over calcareous rocks if the other conditions are 
favourable and it appears that these other conditions would include the 
absence of heavy biotic attack. If Calhma could once colonise the kiperficial 
layers, deacl CuZkma leaves would eventually fall on the surface and the 
typical subordinate vegetation of mosses and lichens would gradually decay 
so that eventually a considerable thickness of peat or peat-like substance 
would form over the superficial layers of soil overlying the calcareous rock, 
and typical Calluna heaths on superficial peat might eventually be produced, 
as is actually the case on many limestone and chalk plateaus. 

Possibly extensive areas in England on certain soils may have been 
formerly occupied by Calluna heath after the degeneration of the primitive 
woodland from preliminary pasturing w’^here the latter was not sufificiently 
severe to cause the Calluna heath type of vegetation to degenerate. ‘^Chalk- 
heath’’ and “limestone-heath” communities may perhaps often represent 
attempts on the part of Calluna and its associates to colonise the most 
favourable portions of their former distribution area where surface layers are 
poor in lime when the intensity of the local biotic attack becomes temporarily 
sufficiently reduced. 

It would be well to test this theory of the origin of “ chalk-heath ” and 
“limestone-heath” communities through locally reduced biotic attack by 
means of erecting grazing- and rabbit-proof enclosures in various places in 
such communities and noting the resulting effects. It may very likely be found 
that the protected areas will develop typical Cafena heath after the grazing 
pressure has been removed. 

There are areas of grass-heath between Barton Mills and Newmarket the 
soils and grass vegetation of which resemble those of Cavenham Heath: 
fragments of species of Cladonia occur. It is very possible that these heaths 
were formerly Calfona heaths before the biotic attack of grazing animals Avas 
as heavy as it is at present. 

There is in fact a series of areas called “heaths” running across this part 
of the country on the chalk of the “East Anglian Heights,” viz. the Breckland 
Heaths (including Higham Heath), Newmarket Heath, and Eoyston Heath. 
These “heaths” become increasingly like chalk pasture as one passes from 
the Breckland Heaths to Eoyston Heath. “The tracts of country occupied 
by this (grass-heath) association are often called heaths, although the true 
heath plants {Calluna, Erica, etc.) may be entirely lacking, but all transitions 
are found between the grass-heaths and the Calluna heaths....” “This term 
(‘heath’) is even used, in East Anglia for tracts of chalk pasture, e.g. Eoyston 
Heath, NcAvmarket Heath^.” 

^ Types of British Vegetation, p. 95 . 
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W1h‘R th(‘, pri!i[ii.i-i\'‘c woodland degenerated (probably ehiefly to 

early pasturing) large open »space>s bare of trees resultetL and wlieii these 
uneultivated tliey were termed ''Iieaths.'t What are now kn.own a-s '"heath 
plants," such as CaUmui, Erica and their associates, were probably higlily 
characteristic of these ‘'large, open areas hare of trees" (resulting from thc^ 
degeneration of woodland) which were termed heaths. 

It is quite possible that Newmarket ‘vHeath" and Royston "'Heath'’ may 
once have been occupied by the typical heath vegetatif)!i on a layer of peat 
aftiU’ the degeneration of the primitive woodland and l^etore the biotic attack 
was as heavy as it is at present'^. It is very possible also that many areas of 
tlie elialk wlnue the superficial layers are poor in lime may oiU‘e liave been 
occupied by typical CaJhnai heath before the biotic attack was as lieavy as 
it is now. 

in this connection it is interesting to note that Mr A. tb Tansley and 
i\lr R. S. Adamson have found CaUtma vtdgaris colonising, ilowering and 
reproducing by s(mmI inside one of their ral)bit-p:r()of enclosures on fairly 
ty])ical chalk down at Diteliam Park on the Hampsliire-fSiissex l)order-. 

Mr hansley luis also informed the writer of some iuteresting phenomena 
which he observed in HilG on the northern face of Moel Riabod in North Wales. 

A stone wail runs along the mountain side at a height of ITOG feet above 
sea leveL Below the wall there is a great deal of vigorous C alia a a — indee<l it 
is generally dominant — while in general there is no Call ana above the wall 
although the soil and slope conditions are just the same. 

Many sheep are piistured on the area above the wall, which is a common 
grazing ground, while only a few sheep are occasionally pastured below the wall. 

The stone w'all has l)ecome ruined so that sheep can cross it in some places 
and there it has Ijeen replaced by a wire fence which runs in some cases a 
few yards aliove and in some cases a few yards below the ruins of tlH‘> wall, 
with the result that the sheep are now stopped by the wire fence where the 
wall is ruined and by the wail where it is intact, while formerly they were 
stopped by the wall all along. 

The elfect on the Calluna is most striking. Where the wire fence runs 
beloiv the ruined wall the Calluna between it and the ruined wall is in a bad 
way and is nearly dead, while the Calluna on the lower side of the wire fence 
is perfectly healthy (see Fig. 1). Where the fence runs above the wall so that 
the area between the fence and the wall which was previously exposed to 

^ In this (‘onnt'ctioii it is interesting to note that one of the keepers on iS^ewnuirket, ffeath 
has subsequently informed tlic writer that there is a eon.siderable amount of heatlicr growing 
on Long U ills'' on Xewniarkot Heath, and that there was far more heather there 2o years 
ago than ilmv is now. it is cut down badly by the mowing machine (^aeh year—unforttuiately 
from its point, of vi<‘W before the seed m ripe. This expressed the opinion tliat if it were 

not for this regular mowing there would be a great amount of heather on many portions of 
Newmarket Hoatii. 

2 See Tansley, “ Flarly Stages of the Re.dtwelopmcmt of Woody V(^gelat ion on (.'halk Grass- 
land.’' This JouENAL, 10, 1922, p. 173. 
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sheep is now protected from them, scattered Calluna plants a few inches high 
and about three or four years old are colonising the ground and growing 
amongst the grass (see Diagram). This instance is an exceedingly pretty 
confirmation of the thesis that the existence of Calhma heath or grass-heath 
often depends simply on the relative severity of biotic attack, and fits in 
well with the theory that Calluna heath may often be and have been a par- 
ticular developmental phase in the degeneration transition of woodland to 
grassland under the stress of increasing biotic attack. (See Diagram of the 
Biotic Zonation of Breckland, Part III, Pig. L This Journal, 5, 1917, p. 13.) 



Fid. L Diagram illustrating the effect of sheep in limiting the distribution of Calluna, 
Moel Siabod in North Wales. 


If the biotic attack was once low in intensity vegetation could decay on 
the surface and eventually produce surface layers of humus poor in lime which 
could become colonised by Calluna (cf. the gradual change from fen to moor 
formation consequent upon the production of surface layers of decaying 
humus poor in mineral salts). 

The writer is inclined to believe that as the primitive woodland degenerated, 
largely owing to early pasturing, typical heath plants {Calluna, Erica, etc.) 
frequently colonised the remaining surface layers of decaying humus when the 
pasturing intensity was low and that thus woodland was often followed by 
broad zones of ''heath.’’ As the better heaths became more heavily pastured 
than the poorer ones and as the better soils became cultivated, the distribu- 
tion of the Calluna and its associates became more and more restricted owing 
to the heavy pasturing and the cultivation, until the present distribution of 
Calluna in Britain on the poorer uneultivated soils not heavily pastured is 
probably merely a remnant of its former distribution. Exceptions to this 
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process would occur where tlie former process of exteit^ioo nf the, 
distrilmtioii of the heather at the expense of the primitive w«)odhiiul is still 
goi]i.g on at the present day on the poorer only slightly pastured soils— sueli. as 
wluo'e the <)ak-birch woodlands are degenerating to heath] aiids occupied hy 
Callinia, In comparatively recent times in many parts of England what is 
now termed the 'tcommon*’ used to foe termed the ''‘heath.*' The use of 
'‘common” lands for grazing purposes is interesting in this connection. The 
writer has grown liixiiriantly on, fairly rich alluvial soil. , 

It is unsafe to infer (as is often done) froni' the fact that heather in .England 
is typically associated with very poor soil that therefore heather prefers or 
tioiirisiies best or would naturally survive best on very ])oor soils. Calluna 
can probably grow better on soils considerably richer than those uith which 
it is .commonly, associated at the present time, but it lias been e,xteriiiinated 
on the better soils owing to heavier g.razi.ng and clearing in order to cultivate 
the better soils. 

Tlie survival of Callmia only on the patches of better soil iii the same 
pasturing (‘nclosurc (i.e. with the same pasturing intensity), while <..m the 
poorer surrounding soil it has been extermimited liv the given intensity of 
the attack and has degenerated to dwarf grass, has pro l)al)ly something 

to do with tin* explanation of the ease of the apparently anomalous distri- 
biitioii of Calluna which has been described by Rayner and Jones^, If this 
be so the survival of the CaMuna only on the patches of better soil is probably 
a particular instance of the important general phenomenon, of great biological 
interest, viz. that organisms withstand specific detrimental influences only 
when the other conditions are favourable and die when they are not (cf. the 
restriction of tree growth to the damper valleys by biotic attack on the 
seedlings. Part ill. This Jouenal, 5, 191 7, p. 9). Thus the influence of biotic 
attack on limiting the distribution of Colima must be considered in addition 
to the lime distribution. 

It may be that CaUwna beath is largely to be regarded as a transition 
stage in the degeneration of wuodland to grassland on certain soils where 
the biotic attack is sufiiciently heavy to bring about the degeneration of .the. 
woodland and pre\X‘nt it from regenerating, but not sufficiently heavy to 
exterminate the Calluna or to bring about the degeneration of the Calluna 
heath to grass-heath. 

Probably after the degeneration of the primitive woodland arni before 
the days of heavy pasturing by, large domes.ticated herds and before the days 
of extended cultivation the distribution of CaEma in England was far more 
extensive than it is at present. It is-, noteworthy that it still occurs in every 
one of the Watsoniaii vice-counties of. C-Jreat Britain {Land, OaL Ed. 10, 1908). 

^ Kayner, M. C. and JoneSj W. N., '‘PreliJumarj.Observations^ on tto Ecology of Calluna 
mdgaris on tlic Wiltsliire and Berkehire Bow-nsd*' New FhytologiHC 10, UlU, 
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IX. VIEWS EELATING TO THE PEOBABLE EOEMEE DISTEIBU- 
TION OF WOODLAND ON THE BEECKLAND HEATHS AND 
ON HEATHS AND TEEELESS AEEAS OF OTHEE PAETS OF 
ENGLAND. 

As 110 traces of natural woodland have been found on the upper dry sandy 
areas of Brecldand and as the low rainfall and vsandy soil make this district 
the cHinatically and edaphically driest in England, it had previously been 
thought doubtful if these areas ever bore natural woodland, and it was sup- 
posed that the dry sandy heaths of this district might quite possibly represent 
primitive heafchlaiid which had never been colonised by trees^. 

On this account it was thought interesting to try to find out whether 
these dry BrecHand sandy tracts are really probably primitively treeless. 
Information relating to this would be likely to have a bearing upon the probable- 
former distribution of woodland in other parts of England. Considerable 
attention has therefore been devoted to obtaining information on this matter. 

These Breckland heaths are the nearest approach in England to the North 
German heaths, which have been described by Graebner^. The North German 
heath-area differs from the south-east European steppe region in possessing 
a damper climate not so intensely cold in the winter months and cooler in 
the summer without long continued dry periods. The great heath formation 
of north-west Europe is typically developed on relatively poor sandy and 
gravelly soils whose climate is wetter than that which gives rise to steppe. 
The steppe climate is too dry for tree growth apart from local edaphic con- 
ditions but the heath formation exists side by side with woods, and in many 
cases has arisen as the result of the degeneration of woodland^.” However, 
as stated above, it seemed that the dry sandy tracts of Breckland might very 
likely represent primitive heathland which had never been colonised by trees. 

The profusion of flint implements of a great variety of diflerent periods 
and their relative absence from surrounding districts indicates that Breckland 
was especially favourable as a habitat for prehistoric man, and it seems very 
probable that this may have been owing to its being dry, treeless or only 
thinly wooded and easily cleared of trees in primitive times, whilst adjacent 
districts were covered by dense impassable forest with thick ixndergrowth 
frequented by and capable of sheltering predatory animals. 

The ancient linear defensive earthworks which occur in Breckland and to 
the southwestw’’ard, viz. the Black Ditches, Devil’s Dyke, Fleam Dyke, Bran 
or Hey don Dyke, etc., run from the fenlands near the river valleys across 
the Chalk escarpment up to the Boulder Clay, which was once occupied by 
forest. The fosse or ditch of these dykes is typically on the western side. 

^ Tansley, A. G., Ty2^Qs of BfiUsh Vegeiationf’p, 107. 

Graebner, P., Die Heide NorddeutscMaTids, Leipzig, 1901. 

® Types of British Vegetationi p. 98. 
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In all probability tliese dykes were, arranged across wliat was open tr<ieless 
country at the time of their construction in order to previoU: enemy tribes 
from invading the country of the eastern tribes from tlie west and driving 
away their domesticated herds of cattle across the open space. 

Thus the areas crossed by these ancient defensive earth w'orks were prob- ' 
ably open and treeless or at most very thinly wooded at the time of i‘on- 
striiction of the earthworkSj and if the date of coiistnictiori of these earthworks 
was known, it might be safely inferred that the areas were treeless or only 
thinly wooded, at that date, and that if they were ever previously covered by 
a fairly thick tree conimnnity, most of the trees had disappeared or been 
destroyed before thcit time. Unfortunately, however, very little is known 
about the age of these dykes 'b except that Fleam Dyke is partly at least 
post-Roman. The most recent discussion‘^ concludes that some at least are 
probably pre-Roman, and that the early Iron Age is a likely date for the 
Black Ditches (the only dykes of this series in Breckland pro])er). and for tlie 
DeviFs Dyke, which crosses the chalk. 

Most of Breckland was nndoubtedly treeless during coinparativeiy recent 
times until a[)out the middle of tlie eighteenth century, when Pinus sjjlvestns 
was introduced intc> the district and various pine plantations were loade on 
tlie open heaths*! 

These pine ])la,ntations were often called by such names as "‘Folly Wood,'" 
so — if one may judge from place-names— it may be considered that the in- 
habitants imagined that the venture of making ]>ine plantations in the other- 
wise treeless Breckhind was a foolish act and would prove a failure. 

At the present time these pine plantations are fairly nourishing and the 
tn?es, judged from their siiie, appear to be about 50 years old. As a matter 
of fact in many cases they are more than twice that age. Thus the trees only 
grow very slowly and in all probability this is chiefly due to the very poor 
water supply. 

In addition to the pine plantations, various artitieial plantations of Qmrcm 
scHsiUjioTft and Betida alba sometimes occur on the upper sandy tracts. Thti 
trees in these deciduons plantations are not well grown, but nevertlieiess they 
can ami do grow to a certain size. It must however be remembered that in 
the artificial plantations the young trees may have been protectcid from the 
competition of the lieather for the limited water supply. 

Occasionally bushes of Crataegus monoggm occur amongst the heather, 
but in these cases the branches are sometimes stag-headed and the trees arc 
usually definitely limited in size. This applies for instance to an isolated 
specimen ot. Crataegus numogifna known as ‘‘Mile Bush” on Oavtsiiham Heath. 

^ Hughes, T, McKenny, *‘The('amhri(igoshir(3 l)ykc«i!.‘'’ Jmrnul oj Um Briti'th Archacifhfjiail 
19, I9LS. 

- Fox, C., Tift Arvhar.obtgn of the, ikmdmdfje Megmi, (Jamb, Uriiv, Prt\ss, ]9:2M, 

Clark, W. G., “vSomc Breckland Characterietios.” Trann* Norfolk and Norwich Nafura^ 
lid'^ iSocklUfB, , . , , 
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According to inforination received from an old sheplierd, tliis bush is over 
100 years old and has remained of a constant size for the past 60 years. 

Sometimes seedling pine trees and young oaks occur amongst the thick 
heather and seem to be able to compete successfully with the heather, for they 
do grow, although slowly. On the upper drier areas how^ever, when exposed 
to rabbit attack, they are always killed ofi by the rabbits before they can 
reach a sufhcient size to become relatively immune. When rabbits are present 
in large numbers young seedling pines, oaks and birches can only colonise 
the valleys and lower portions of the valley sides^, probably chiefly because 
only in these damper positions can they produce tissue sufficiently quickly 
to overcome the damage caused by the rabbit attack. It has already been 
slated that numerous young pine trees are colonising and growing amongst 
thick heather inside a large rabbit-proof enclosure on the dry upper portions 
of Cavenham Heath near the Icklingham Road, although no young pines 
survive on the upper portions of the heath outside the rabbit-proof enclosure. 

The area marked 15 on the map of Cavenham Heath ^ was once 
cultivated and protected by a rabbit-proof fence according to information 
received in Cavenham, and when the cultivation ceased it quickly regenerated 
Calhma heath. It was protected from rabbit attack for a time and the heather 
quickly became colonised by young pines. At that time some sheep also used 
to have access to the general area of the heath, and when the protecting fence 
round this area was eventually removed, the young seedling pine trees which 
had colonised it were quickly killed by the attacks of the sheep (and also 
probably by the rabbits) 

It is thus seen that the rabbit attack and the previous sheep attack limits 
tree growth to the valleys and prevents the upper dry sandy areas of the 
heaths from being colonised by young trees and from being ultimately con- 
verted into woodlands. 

Various observations indicate that a kind of plant which can grow up 
above another kind of plant has thereby a very great advantage in compe- 
tition with the more dwarf vegetation and will under ordinary conditions 
dominate the latter, but that on the other hand the taller plants tend to 
suffer more from, and may be exterminated by, biotic attack. 

From all these facts it appears that although the conditions in Brecldand 
are the climatically and edaphicaUy driest in England, Finns, Quercus, and 
BeMa seedlings can colonise and grow in thick heather when protected from 
rabbit and sheep attack and also in plantations. The ultimate ‘'naturar’ 
highest type of vegetation on these sandy Breokland tracts under the present 
climatic conditions and in the absence of such animals as rabbits and sheep 
would thus probably be a pine or oak- birch woodland, but the presence of 

^ General Effect, of Pvabbits on Vegetation.” This Joubnal, 5, 1917, p. 9. ^ Ihid, 3, p. 217. 

It may be noted that the effect of rabbits on young trees is apt to be especially bad when 
the ground is covered with snow to such a depth that little but the stems of the young trees 
project above the snow mantle and are thus the ehief kind of vegetation accessible to the rabbits. 
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rabbits and tlie previous presence of sheep have kept down the taller growing 
trees •which would otherwise cover the area, and have allowed, the shorter 
growing heather to s.iirvive. 

Rabbits have only been introduced into England in comparatively modern 
times and their natural , enemies, have only been systematically kept down 
very recently. In Palaeolithic times domesticated herds do not seem to have 
existed and other grazing , animals 'were proba.bly kept down to relatively 
,sm.all numbers owing to the various predatory animals which existed at these 
periods. Breckland , W'as. imdonbtedly partly surrounded by forests w-Mch 
could also supply tree seeds and thus it appears that during any periods in 
Palaeolithic times in wdiich the climatic conditions resembled, or WTxe damper 
than, the existing ones, Breckland was probably occupied by w'oodland pro- 
vided that grazing animals w^ere not numerous and proxided that Palaeolithic 
man did not destroy all the trees. If the.- grazing intensity wirs very low and 
tree felling scarcely existent, it might even ..have been occupied by woodland 
during any Palaeolithic periods in wvhich the climatic eonfliti(.)Ms wan:<‘. some- 
what drier than they are at pre>sent. These -remarks wonld also apply under 
these conditions during various periods in the Neolithic epoch, but during the 
later periods anyliow, and very likely during the early |)eriods as wu‘.ll, tree 
felling by man wuis (extensive, and man w'a.s fairly w^ell equippcii for dealing with 
luudatorv animals. Herds of domesticated animals also existed during these 
later periods, whereas there is no evidence that domesticated animals pro- 
tected from their natural enemies, existed .-in Palaeolithic, times, during which 
period grazing aninuds w^ere probably comparatively scarce. 

It thus seems that wiien the grazing, intensity w^as low and tree fe].ling .not 
extensive, Breckland was |)robably... wooded,, but that wdien tree fulling w^as.^ 
extensive and herds of domesticated cattle protected from, their natural 
enemies existed, the probably former existing primitive wijodiand degenerated 
.owdng to felling of the old trees. to clear. the ground, and to provide, xvood for 
va,r.ioiis purposes, and owing to the attack .of -the .domesticated herds upon 
the tree seedlings in preventing them from growing and rejuvenating the 
..wu}odl.and. It appears that the -probable effect of prehistoric man. and his. 
herds in destroying .the |>rimitive- woodland- and killing the -strtiggling young 
trees wuis continu(.ul later on into historic times, by flocks of slieej,) pasturing 
.on^ the heaths, and still later by the attack of rabbits after these latter had 
been introduced into Bliigland. .Thus .after any ancient xvoodland on this 
area had degenerated long ago, owing' to ■■human occupation of the district 
and attack of domesticated herds,- woodland never- got a cliance to regenerate 
and so an almost pure heath association- -was' left behind from early Neolithic 
times until modern times when 'plantations protected from grazing wem made 
on the lieatlis. It thus seems that- if- the.; biotic, attack was slight, as it probably 
was, Breckland wms probably wooded in.'.early -times. 

As a matter of fact at tlie time., of the Norman Conquest there was wmodland 
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ill Yaiioiis places on tlie N.E. corner of Breckland, and this woodland has 
since degenerated to heather, “ There was woodland at various places in the 
eastern part of Brecldand, Merton alone providing pannage for 240 liogs. 
During the next three or four centuries most of the local deeds contain refer- 
ence to ^briiaiia,’ that is unproductive ground covered with heather and 
gorse^.” These w'oodlands which existed in historic times were however on 
the extreme borders of Brecldand^. 

The young pine seedlings and the pines in the plantation seem to be able 
to grow better than the oaks and birches and this indicates that if Pinus 
was present in the district at any particular period during ancient times when 
the grazing was slight and when the climatic conditions resembled the existing 
ones it would probably have been able to compete successfully with any 
oak-birch woodland which might have existed, and would have been able to 
establish pine woods on these areas. Pinus sylvestris seQmB to have been 
abundant throughout Britain during part of the Neolithic epoch and if it 
had been present in Breckland during any particular period when the climatic 
conditions resembled tjie present ones any primitive woodland would probably 
chiefly be pine wood; but if Pinus sylvestris was absent from the district (as 
it seems to have been later on before it was reintroduced) any primitive wood- 
land would probably consist chiefly of oaks and birches. 

Various evidence seems to indicate that subsequently to the great Ice 
Ages, steppe periods may have intervened between periods of decreasing 
glaciation. If this be so, the gradual approach of steppe conditions might 
have helped in the degeneration of primitive woodland to an almost pure 
heath association. If any intervening steppe periods occurred during which 
the climatic conditions were much drier than those obtaining at present 
possibly these areas may have been too dry for tree growth even without 
grazing, and possibly any other vegetation may have been very sparse. These 
conditions would have facilitated the extensive blowing of sand which seems 
to have occurred in this district. 

It has been considered that ^' natural causes of the degeneration of wood- 
land and other associations are for the most part little understood^,” but the 
explanation above given of the degeneration of probable primitive woodland 
in Breckland to a heath association owing to the attack of domesticated 
herds upon the seedlings in addition to the clearing by primitive man, and 
the prevention of the regeneration of the woodland in modern times owing 

^ Clarke yW. G., “ Some Breckland Characteristics.” Tmns/N orfollc mid N onmch N atnmlist'' s 
Socdeti/f B, -p. 051, 

2 In passing it may be interesting to note that woodland on the edge of Breckland was the 
scene of the probably actual tragedy, which gave rise to the English version of the Babes in the 
Wood form of Fairy Tale. See Kent, ChSiS,, The Land of the Babes in the Wood. Jarrold and 
Sons. (The house of the “Wicked Uncle” is still standing.) 

Reid, Clement, The Origin of the British Flora, Bulau & Co, 

Types of Br itish Vegetation, 
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to tlie attack of rabbits, accords' fairly; -well with' the ex|)lanation given by 
Krause and Borgreve for the degeneration of oak woodlaini to Iw.vitli 

in North Oermaiiy, and it is not in accordance with the tlieoi^y of leaclimg 
of sandy soils given by Graebner for the' same area. 

In any case these Breckland sands have not been leached sufficiently by . 
rain for tree growth to he unable to .compete with the lieatlier, for tree growth. ' 
does as a matter of fact occur — in plantations and in enclosures where the 
young trees are protected from rabbits. The .heather itself is usually thicker 
inside, tliese enclosures and yet the young trees grow much better amongst 
thick heather when they are protected from rabbit attac-k than amongst thin 
heather where they are exposed to rabbit attack. This shows that the pines 
can compete satisfactorily with the heather and that leaching of the porous 
soil has not rendered the area incapable of becoming colonised by pines or- 
brought about the degeneration of possible primitive woodland, but that this 
may have been brought about by biotic attack. 

(Jraebner’s theory of leaching is also in some other cases not satisfactory 
to accomit for the degeneration of woodland. In fact one would not expect 
huiching of the soil to counterbalance readily the great advantages which 
the tall Phrm would have over the dwarf heather, but grazing or rabbit 
attack can counterbalance this — in accord with the generalisation that taller 
gr<.)wing plants are usually the ones which ultimately suffer most from in- 
creasing intensity of biotic attack. The point here is the relaUce effects of 
biotic attack of increasing intensities. A relatively slight intensity of biotic 
attack ])nts the trees at a great disadvantage compared with, the dwarf 
heather, and ultimately wlien the biotic attack becomes much greater, as in 
various places in Breckland at the present time, it eventually leads to de- 
generation of the heather itself, which becomes replaced by Care.t arenaria 
and ultimately by still niore dwarf grass-heath. 

Oraebner attempts to prove the poverty of the soils occupied by heather 
relatively to the soils occupied by forest by data obtained from chemical 
analysis of the soil, especially from those made hy Bamann. These results 
support the view that heaths occupy the poorer soils, but this fact is no proof 
whatever that the heath has come to occii|)y the soil owing to the soil being 
rendered poor by leaching. The occupation of the poor soils by the heather 
may be, and probably is, due to quite a different cause, viz. destruction by 
biotic attack of its taller competitors which were formerly smothering it, 
a destruction which would not occtir so easily on the better soils with the 
same intensity of attack. 

(IraebnerN theory of woodland degenerating to heath owing to leaching 
of the sandy soil may indeed be largely the opposite of the truth, i.e. an 
effect instead of a cause, i.e. the poverty and leaching of the sandy soil may 
be largely a result of the degeneration of forest to 1, leather by the attack of 
pasturcfl lierds and rabbits, thus exposing the soil to the direct leaching 


1S2 . On the Ecology of the Vegetation of Brecldand 

effect of rain, instead of the degeneration of the forest being due to leaching 
of the sandy soil. When the forest is degenerating owing to these other causes 
Calluna is able to invade its degenerating edge, and later on when the trees 
have disappeared the water which would otherwise be absorbed by the tree 
roots may soak through. But in the case of Cavenham Heath and other 
Breckland Heaths this has apparently not leached the soil sufficiently to 
prevent the tall growing trees from having a great advantage over the rela- 
tively dwarf heather and regenerating the forest when once the biotic attack 
is again removed, as inside enclosures. 

It is apparently very dangerous to make deductions from soil analysis 
alone, as the particular differences in the soils may often largely be due to 
the presence or absence of particular plants instead of the absence of par- 
ticular plants being due to particular difierences in the soils. 

It has already been mentioned that the fact that Calluna heath de- 
generates sharply at its edges when the degeneration is caused by biotic attack 
due to animals requiring extra food is suggestive, since forests and various 
other associations also chiefly degenerate at their edges. 

It is sometimes stated that when the whole of the ground vegetation is 
of the heather type in degenerating woodland, it is doubtful if the young trees 
can grow^ — though it is not implied that this is necessarily due to the heather 
itself. But the growing of young trees amongst thick heather in rabbit-proof 
enclosures on Cavenham Heath and their inability to grow amongst thinner 
heather when exposed to rabbits indicate that for Cavenham Heath this 
inability of the young trees to grow is not due to the whole of the ground 
vegetation being of the heather type but to the rabbits or other grazing 
animals which have probably originally brought about the degeneration of 
possible primitive forest killing off the young trees very rapidly indeed. 

It is probably incorrect to speak of the taller woodland “giving way’’ 
owing to invasion by heath plants, as is often done. The woodland may 
“give way,” but this is not owing to invasion by the lower growing heath 
plants. The invasion of the woodland by the heath plants is due to the 
“giving way” of the woodland owing to biotic attack on the seedlin.. ffs..„, ^ 

The surface layer of dry peat and other things may render the young trees 
more readily killed by the rabbit attack, but in the case of Cavenham Heath 
and other Breckland Heaths rabbit attack is undoubtedly the immediate and 
effective factor in the matter and if it were not for this the Calluna heaths 
would regenerate to woodland. 

The degeneration of woodlands to heather wastes of little value has been 
a serious economic problem in Germany and it appears probable that the 
practically valueless heather wastes of Breckland might be converted into 
useful pinewoods and perhaps dry oakwoods if the numbers of the rabbits 
were reduced and grazing on the open heaths was avoided. The grazing is 
1 Types of British Vegetatioriy p, 100. 
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not very profi.table since tlie land is so poor and animals <lo not like tiie 
heather. The most important things which they eat are probably the young 
seedling trees which would otherwise gradually colonise these areo^s ji-nd eliangc^- 
them into useful wmodlands, and the afforestation of the heather ^vastes of 
Breckland , would provide, a certain amount of useful employment. 

The slight humus and iron pans which have already ])eei.i described as 
occurring in these lieathland soils are certainly not su,ffieient[y formidable 
seriously to hamper the growth of trees, and if these areas Avere afforested, 
there would be no need to break up these slight pans. 

Bearing of t,he above facts on the probable former distribution 
OF WOODLAND IN OTHER PARTS OP England. 

Very little senii-natural woodland is associated \pith the heaths of the 
London basin and it seemed possible that the heath formation originally 
colonised this and many other areas of the poorer English sands such as the 
Pliocene Crag, and in the south possibly also the Eocene Bagshot sands, and 
that these sands, or at any rate parts of them, had never borne natural 
woodland^. 

The writer has, hoAvever, observed young seedling trees colonising the 
upper portions of tlie Eocene Bagshot sands a.nd many otlier areas of English 
heaths and this phenomenon indicates that these sands can support tree 
growth and that they are not too dry or poor for this, and also that any 
original degeneration of primitive woodland on them has not been brought 
about by the soil becoming leached so much that it has become too poor for 
the trees to compete satisfactorily with the heather. It seems probable that 
any original degeneration was brought about by grazing and clearing and 
that biotic attack (under the already unfavourable conditions) has kept them 
comparatively free from tlie surrounding .tree groAvth ever since, as in the 
case of the Brecklaiid heaths.. 

In some cases such as tlie heaths of the London basin it seemed impossible 
to decide vdiether the heaths were primitive or derived from vmodland — in 
other AYords to draiv tlie limit between possibly primitive heaths .and heaths 
which had undoubtedly been derived from woodland, for the two possible 
cases 'might be represented at the present time by ide.ntical plant associa- 
tions^. ... 

^ince however it appears that the dry and poor sandy heaths of Breckland, 
which arc climatically and edaphically the driest in England, can support 
trees provideci that the seedlings are protected from biotic attack, and were 
proliably wooded in pre-neolithic times Avhen grazing animals were probably 
relatively scarce before the existence. of do'mesticated herds protected from 
their various natural enemies, the apparently difficult problem of deciding 

^ Types of JMliah Vegetuim 
'. [MUd. ■ 
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wlietlier any particular English heath was primitive or derived from woodland 
may have been indirectly solved. It seems that if grazing animals were once 
relatively scarce all the other English heaths probably once supported woodland 
and that probably none of them are primitively treeless. 

It has also been considered that much of the area of the chalk downs has 
possibly never been covered by woodland. /'There is good reason to suppose, 
as W'e have already pointed out, that much of the chalk pasture is extremely 
old and much of its area has possibly never been occupied by a tree asso- 
eia,tion— perhaps because of an inadequate supply of underground water. 
The chalk grassland, which forms a very excellent light crisp pasture, has 
from time immemorial supported considerable flocks of sheep. 

"The smooth curves of the chalk downs are occasionally broken by ancient 
trackways, camps and other earthworks of many periods from the Neolithic 
onwards. It has been suggested that the original purpose of many of these 
works was to shelter and defend the flocks from the attacks of predatory 
animals such as wolves coming from the forests of the lower country. Be that 
as it may, it seems unlikely that primitive man was responsible for the dis- 
forestation of such great areas of the chalk upland as are marked by traces 
of his presence and the conclusion is therefore indicated that much of this 
grassland is primitive, or at least has existed since the conditions of climate 
resembled at all closely those at present obtaining. There may well have 
been originally more scrub than there is now^.” 

The fact that the young trees degenerate so rapidly and readily from 
biotic attack on the upper dry sandy areas of Breckland where the conditions 
are already very unfavourable for them, whereas they do not degenerate 
nearly so readily from this influence and often manage to survive down the 
valley sides where the conditions are more favourable, is very interesting in 
this connection, for on the above mentioned areas of the chalk downs the 
conditions are probably also relatively unfavourable for tree growth. Thus 
the young trees on these areas of the chalk downs might degenerate very 
rapidly and readily from biotic attack by grazing animals compared with the 
rapidity of biotic degeneration under more favourable conditions. It thus 
seems that the above-mentioned vast tracts of chalk pasture on the downs 
may quite well have degenerated from primitive woodland owing to grazing 
especially if the Neolithic epoch was one of very vast duration as other 
evidences tend to indicate was in all probability the case. 

The fact that bhe grass vegetation on the chalk downs grows considerably 
more luxuriantly than that on the Breckland heaths when both are protected 
from rabbits, ably indicates that there is a greater supply of underground 
water on the chalk downs than on the porous sandy tracts of Breckland, and 
yet even the latter would become colonised by trees if it were not for biotic 

^ of BniUh Vegetation, p. 173. 
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attack on tho tree seedlings, or if the biotic attack on the seedlings was low 

ill intensity^. 

The very rapid degeneration of seedling trees through biotic attack under 
the other imfavoiirable conditions in Breoklandis nlso interesting in view of 
the fact that tihe, conditions, above the present altitudinal forest limit are also 
relativcdy, unfavourable to growth, -and'it may well be that the extent of the ' 
depression, of the altitudinal forest liniit by the grazing of animals' pastured 
above the tree zone may have been very considerably greater than might, 
otherwise have been' thought to be the case. 

From observation in .Breckland it appears that, if grazing animals were 
once relatively few before the existence of domesticated herds protected from 
their natural enemies, the primitive . distribution of woodland, in. England, 
under the existing climatic conditions was probably .considerably more com- 
plete than has sometimes been supposed and that probably all the heaths of 
England‘S along with various other areas now treeless once bore woodland. 

X. Ch)N(ILUI)lNG REMARKS UPO'N BR,ECK,LAXD AND OTON 
ECOLOGICAL RESEARCH IX GENERAL. 

OxE thing which clearly emerges from the work recorded in the foregoing 
pages is the great importance which must be attached to the biotic factors 
of the environment. Ideological factors are sometimes grouped solely as 
edaphic and climatic, but the highly important biotic factors should probably 
always be included in the classification. Apparently the presence of rabbits 
alone is suliicient to cliange the potentially dominant plant on Cavenliam 
Heath from PinNs sijlvestris to Pier is mquiUna through a large number of 
various stages. Tliis is clearly a profound change. The passing of England 
from a forest period into a grassland period may of late have been accelerated 
by the mfluence of rabbits. 

While producing great changes in the ultimately dominant types of vege- 
tation, the differential effects of particular intensities of rabbit attack upon the 
various types of vegetation produce great movements in the respective dis- 
tributions of the different vegetation-units even when regarded over compara- 
tively short ])eriodB of time. In fact one of the chief characteristics of the 
vegetation of Cavenh^im Heath is the extreme mobility of the various types 
owing chiefly to the differential influence of rabbits upon them. 

’ Mr Tansiey han }K)intA‘d out to the writer tho possibility that the human and grazing factors 
pr(‘ venting tree growth may (piite conceivably have become operative before tlie general in- 
vasion by trees of the ])oorer ami drier soils, such as those of Breckland and parts of the cdiaik 
downs, was completed; and tliis is tho more likely if dry continental conditions intervemHl 
between the final retreat of the ice and the prevalence of climatic conditions like those now 
obtaining, if this wore so we cannot altogether exclude the hypothesis of primitive treoiessness 
of some art'as, although the writer thinks that the presence of trackways, impierneuts and other 
signs of early human habitation of such areas may quite well mean that man was also responsible 
for the disfort^station of these areas. 

- Except p(‘rhapH those on coasts exposed to violent winds. 
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Tlie vegetation of Blakeney Point is also considerably more mobile than 
might have been suspected^. Doubtless the alterations in the vegetation due 
to topographical changes are far more rapid at Blakeney Point than on 
Cavenham Heath, owing to the presence of mobile shingle banks and sand- 
dunes in the former case; but, on the other hand, the general changes in the 
vegetation are far more rapid on Cavenham Heath than on Blakeney Point 
owing to the greater operation of biotic factors on Cavenham Heath, which 
completely outweighs in this respect the comparative absence of topographical 
changes. Breckland is a very suitable district in which to realise the great eff ects 
of animals upon plant life — owing to its uncultivated nature, the variety of its 
vegetation and the increasing severity of the grazing influences. Although 
the chief results are probably capable of very general application, the writer 
is sceptical as to whether there are many other districts in England which show 
such an extensive and beautiful generahsed degeneration and zonation round 
the rabbit burrows, passing through so many stages as dealt with in Part III^. 

Ecological research is concerned with living things, as they exist and 
change and interact in the living world, and it is an extremely interesting 
and fascinating study. One of its merits is that it gives the mind some faint 
conception of the complexity of nature. The problems awaiting solution are 
innumerable and many of them are extremely difflcult to attack successfully. 
‘^The chief obstacle to the rapid development of ecology on fundamental lines 
is the laborious and time consuming nature of the work^.” 

Owing to the difficulty and complexity of the problems involved, it is 
advisable to choose the definite field problems which are to be taken up with 
very great care as otherwise much time may be 'wasted in futile attacks de- 
livered along wrong lines. 

It is probably much better in most cases to attack the easier problems or 
positions first, in the hope that these may throw some light upon or command 
the more difficult problems and positions and, as it were, outflank them. This 
is probably a better method and will ultimately advance the whole of ecology 
more than the method of devoting all the energy simply to a frontal attack 
upon some individual problem. It is probably advisable to devote much 
attention to the strategy and tactics of the attacks before delivering them 
with energy. This method of working will probably give far more results 
than a series of attacks delivered without careful arrangement. It is probably 
advisable to follow the Baconian method in the earlier stages of a research 
and to observe and collect a large amount of data relating to various pheno- 
mena before spending a lot of mental energy in trying to invent hypotheses 
to explain the various problems. While one is collecting preliminary data 
many of the problems in one’s mind resolve themselves and the data them- 
selves almost automatically suggest to the mind likely hypotheses to explain 

^ Oliver, F. W., “Blakeney Point in 1914.” Meport of the Local Committee of Management^ 
National Trust. a This Jouexal, 5, No. 1, pp. 10-16. 

^ Tansley, A. G., Types of British Vegetation, p. xi. 
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t<lie more dilficiiltj and as yet unsolved, problems. Various ex])i‘Tiiiients 
should tlieii.be carefully devised 'to try -.to test, the various theories. Ex}.)eri- 
inental methods used upon the facts of .nature mark a great advance in 
checking and confirming the results' of observation and inference and in giving 
fresh reliable results and sources of fresh data. E.xperiments tend to give 
definite results whereas soil analyses,^ for example,, used alone in coiijunctiorj 
with possibly erroneous deduction are apt to give results which may very likely 
be the opposite of truth, for instance the ''efiect*’ instead of the “’cause.” 

Instead of attempting to deal with ecological problems in the laboratory 
where very many ,facto,rs are varied from their natural values, so that they 
are liable to alter or modify, the result of the experiment unknown to the 
experime,ntalist, it is probably much better to take experimental methods to 
the plant in its home. Ecology means the study of organisms in their homes 
and the various theories relating to the actual ecological problems should be 
tested by experiments in the field itself, only altering one test factor at a 
time, and thus getting results definitely, related tO" the effect of that factor 
upon the oigauisms, all the other factors remaining at their natural values. 

Some of the pro})lems which now badly need solution are tliose relating 
to coiiipetition between plants. Very little is Iviiown about this at the present 
time, and the solution of some problems relating to eom|)etition would be 
?ery valuable as being likely to throw important light u|)oii many problems. 
At the present time the term “competition” is frecpieiitly used to cover any 
phenomenon wliicli is not understood, and if more were known about compe- 
tition, important iiglit would probably be thrown upon many phenomena 
which are at pres<mt mysterious. 

The observation of the great differential effects which tlie ravages of 
rabbits exert upon competing types of vegetation is possibly an advance in 
the right direction and may illustrate possible eff'ects of the ravages of war 
upon human societies, but an enormous amount of work remains to be done, 
and should be done, upon phenomena associated with competition. 

, The effects of biotic influences by .man -and, grazing animals upon the 
vegetatio.n of England have probably been far greater and more e.xtensive 
tha.n is commonly or frequently realised — for instance, if it were not .for ..these 
influences large areas of England including the whole of Breckland, the whole 
of the North and South Downs, and a considerable zone above the present 
tree limit (where there, is siifiicient foothold for tree growth) would probably 
])e covercnl l)y trees. Thus, when anybody is working at the ecology of any 
ordinary non -wooded, non-coastal, and non-aquatic portion of England, it is 
probably ad\'tsable for him to realise very clearly that it was perhaps once 
covered by trei^s and })erhaps would be at the present day if it were not for 
these biotic iniluenees. This attitude vvmuld probably tend to make the student 
chiefly interested in the dynamic aspects of the vegetation and in its changes 
during various ptuiods of time rather than in merely descfribing its static 
aspect at any given moment, ^ 
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GEoaFAPHiOAL Features. 

The county of Carnarvonshire, N. Wales, has a very great surface variety, 
unequalled by any obher county in the British Isles. Its greatest length is 
55 miles from east to west, but from north to south it is 25 miles in the extreme 
east, narrowing down to 20 miles in a line from Bangor to Portmadoc, and 
ending in the snoutrlike projection of Braich-y-pwll, and the island of Bardsey 
in the west. The total area, excluding water, is 362,203 acres, including 
water 365,986 acres. 

Looking at the sketch-map of Carnarvonshire (Fig, 1), one is at once 
struck by the fact that the county falls into two great divisions, an eastern 
and a western one ; the east containing the mountains of Snowdonia, with the 
rugged passes and mountain torrents, while the west is a comparatively flat 
pastoral area. Furthermore the sea surrounds Carnarvonshire on the north, 
south, and west, while the two rivers, Conway and Glaslyn, form the greater 
part of its eastern boundary. 

The county may further be divided into four zones: the sea coast, the 
region of farms, the wooded slopes and the rugged mountain area or mountain 
complex. There are 117 miles of sea coast, sometimes bordered by cliffs, but 
more frequently by marsh land and sand flats. If the upper limit of the 
second zone (the region of farms) be fixed at 500 feet (162 m.) above sea-level, 
it has been estimated that about 250 square miles is the content of the farm 
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zone. Tlie slopes extendiiig from 'SOD' feet to nearly 15fHi feet (45(1 m.) 
bear woods in some places, althongh these. liave now largi*l\' disappeared, 
especially the pi,ne-woods, whicdi were mostly destroyed during the, late war 
to provide trench, props. These woods are now* being replanted. This area, 
now largely 'supporting the sheep grazing and slate industries, contains about 
220 square miles. . Finally, there are about TO square miles of rugged mountain 
above 1500 feet reaching up to 3500 feet (1066 m.) at the summit of Siiow<lon : 
sheep also fi:nd pasture in this 'area. 



Fic. I. Sketch map of CarnarvotiBhire. CoasthmUa and Region of Farmn (0-500 feet) wldte, 
Hili Hlopey (oOO-loOO feet) dmtjonnUif shaded, M<iuiitain8 above 15U0 feet black. 


The proportion of cultivation in the county is of interest. As has already 
been stated, the total acreage, excimling water, is 362,203 acres. Grassland, 
including rough grazing, is 277,528 acres, rotation grass and clover are 31,816 
acres, and wheat, barley, oats, turnip, swedes, mangolds, ami potatoes occupy 
42,984. acres. In spite of the fact that there are many swamps, there are very 
few peat areas (3), 

The wooded areas of the county (11,7 16 acres or 3*2 per cent- in 1 909) are of 
two main types: the woods fringing the mountains and clothing the ravines 
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down whicli the mountain torrents rush, and the woods in the area known 
locally as the Lleyn, comparatively flat when compared with the mountain 
complex. Furthermore, there are numerous lakes, each of which sends one or 
more outflows down to the sea, and so there are innumerable mountain 
torrents and streams in the mountainous district, and streams which wind 
from place to place in the plain. The water surface acreage has been estimated 
at 3783 acres. 

The rich crane-fly fauna depends mainly on the abundant water supply 
and on the wooded area (2). 

Habitats of Crane-flies. 

In order to consider the ecological distribution of the crane-flies of Car- 
narvonshire, it has been deemed advantageous to propose 16 different habitats, 
and in all but one of these (sand dunes) the flies have been recorded and studied 
(see Table I). Many of these 16 habitats may occur in more than one of the 
four zones, and the habitats cannot in any way be considered as subdivisions 
of the zones. 

It must be admitted that the habitats selected (Table I) are very vaguely 
defined and in all cases they could be subdivided into many more homo- 
geneous, strictly defined habitats. The habitats employed were, ho\vever, 
carefully chosen to give as fair a representation of the ecological distribution 
of the adult flies as was practicable under the conditions of the work, and no 
such exact allocation of species to more numerous and strictly- defined habitats 
as could be made if the larvae W’-ere dealt with could be satisfactorily carried out. 

The list in Table I is drawn up in alphabetical order for convenience. 
Since only about 1500 references are possessed by the writer, and about 100 
species have been dealt with, these tables are to be considered as only rough 
preliminary indications of the ecological distribution of adult crane-flies. The 
references were all amassed by the writer between August, 1922, and December, 
1923. 

From a glance at Table I it will be seen that the most thickly inhabited 
habitat is the first, designated “Immediate neighbourhood of lakes, streams 
and rivers, on rocks, trees, bushes and grasses near by’’; in this habitat 19 
different genera are found, and 58 species. This represents a large proportion 
of the county crane-fly fauna, which consists of 26 genera and 99 species. The 
next most thickly populated habitat is “Hedgerows, ditches, and roadsides” (7), 
with 17 genera and 40 species; this is closely followed by (2), “Ravines with 
streams and wmody elements,” with 16 genera and 35 species. At the other end 
of the scale it will be seen that only 3 genera and 6 species inhabit (10) “ Open 
mountain, (c) grassland” and (12) “Swampy situations, (6) woody swamps.” 

It should be noticed that the most thickly populated habitats are those 
in which there is a considerable amount of both shade and water. The presence 
of shade and water meiins that the humidity of the atmosphere in such a 
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Table I. Alphabetical List of Carnarvonshire CTane-flies, shoumig the 
different habitats (1-16) in which they were found. 

1. Iinine(Iia.t<" noigjiboiirliood of lakes, streams and rivers, on rocks, trees, bushes aiKl grasses 

near by. 

2. Ravines with streams and woody vegetation. 

3. Mixed wo<'>ds. 

4. C-ooiferous woods. 

5. Open fields, grassy lianks of streams not in deep shade, and among bracken, 
d. Rocky situations. 

7. Hedgerows, ditches, and roadsides. 

8. Open mountain, {a) bracken areas. 

9. „ „ (b) bilberry and heather areas. 

10, „ „ (e) grassland. 


IL Swamps, {a) grassy. 

12. „ (b) woody. 

13. Feat areas. 

14. Sand dunes. 

15. (hardens. 

16. Houses, farm buildings, etc. 


Aeyphona niaeulata ... 


1 

X 

2 ■ 

3 

Adeiplnunyia senilis ... 



X 


Antocha vitripiainis ... 





Oylindo itoma dist inct issinui 




:< , 

Dicranomyifi a({uosa ... 


, 

X 


,, autumnalis 


X 

>> . 

X 

„ chorea ... 


■X 


X 

„ didyma ... 



, 

, 

,, distendens 


X 


, 

„ dumedorum 


X 

X 

.X 

„ lucida ... 



X 


„ lutea ... 


X 

X 


„ mitis 


X 

X 


,, moth'sta... 


X ^ 



„ morio 





„ [lilipcmiis 


. . 

■ X 


stigmutiea 





Dicranota bimaculala... 



X 


„ pavida 


X 

X 


Doliehopeza albipcs . . . 


' X 

X 

X 

Enipcda nubila 


. 


. 

Erioptera tiavescens ... 



, 

. 

,, fuHcipeimis ... 


X 

'x 


,, maero])hthalma 



X 


„ tacmionota ... 


X 

i< 

■ X 

„ trivialis 


X 



( 1 om any ia conoviensis 


V 



„ dentata 


■ X- 

■ X 

X 

,, lucidula 


X 


. X. 

„ sim])Iex 


X 



I'dioptcra aplcata 


X 


. . 

„ marmorata ... 


: 

■ .X 


Limnobia liavipes 


■■ "x' 

X 


„ macrostigma 



. . ; 

X. . 

„ nigropunctata 



■■ ..X ■ 


„ niibeciilosa ... 

... 

■ 

. ■ 

X 

„ ([uadrinotata 


, 



„ stigma 


'■ * 

■ . 

' X ■ 

,, trivittata ... 


■x 



Limnophila aperta 


■■ :x" 

, 


„ lucolor 

... 

X ■ 

■ X: 


„ 1 incola 


X 



,, }im*ol(*iIa ... 


'.X 

■■ X' 

x 

,, mcigcoii ... 

... 

. X- 




5 . 6 .7 8 9 10 li 12 13 14 15 16 











• 

• 


■;< 


X 





X ■ 



X 


X 


X 

>: 

X 






x 


x 


X' 












■,X ' ■ 








X 




,X ■ 








* 



X 

• 





X 



* 




X . 












X 








X 








X 








X 


X 


X 


X 






X 




X 




X' 




X 




X ' 








X 











X 

X 








' X. 




X. 











X ■ 












X 

. X ■ 








X 

X 



X' . 













. .-x ■ 















" X 








' ' X ' 




X 




X 


X-. 


' X . 




X 








* 

X 

■ "x 

■ ; . ■■ 



X 



, 
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DiMrihuUon of Grane-flies in Garnarvonshvre 
Table I — continued. 


Limnopliila nenioralis . 

„ ochracea 

„ piiiict'iim 

Lipsotiirix errans 
Molophilus bifiiatiis 
„ fiavus 

,j, mediiis 

occultus 

Nephrotoma dorsalis 
Osmosia albitibia 
' „ , nodulosa’ 
Pacliyrrhina crocata , 

,5 flavescens 

„ imperiaiis 

„ maculosa 

„ quadrifaria 
Pedioia rivosa 
Pilaria discicollis 
Pseudolimnophila iucornm 
5 , sepiiim 

EMpidia maculata 
Ehypholopiius haemorrhoid 
„ varius ... 
Symplectomorpha stitica 
Tipulaalpium ... 
cava 

diana ... 
excisa ... 
fascipetinis ... 
flavolmeata ... 
gigantea 
irrorata... 
lateralis... ... 
luna ... ... 

luteipeunis 
lutescens* ... 
marmorata ... 
montium 
ochracea 
pagana ... 
paludosa ... 
peliostigma ... 
pruinosa ... 
rufina ... 
scripta ... ... 

selene ... ... 

unca ... 
variicomis 

vernalis 

Tricyphona claripemiis 
„ immaculata 
„ littoralis ... 

„ lucidipennis 
„ occulta ... 

„ schummeli 

Total species, 99 
Total genera, 26 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 13 

14 


X 

X 

X 


X 

X 

X 

X 


X 

X 




X 

X 

X 

X 

X 


X 




. 




X 















X 





, 














X 

X 







X 

X 





. 








X 

X 









X 




X 

X 





. 




X 




X 




X 





X 

X 




X 


X 



X 

X 








X 

X 

X 




X 

X 









X 




. 








X 


. . 


X 


X 




X 




X 

X 

X 

X 

X 


X 








X 






X 








X 






. 




X 

, X 





, , ■ 




X 





. X 





. 








X 














X 




X 


X 




X 







alls 







X 








, X 


X 




, . 





X : . 




X 





X 








X 


X 


X 

X 




X 





b 


X 


X 


X 

X 

X 



. X 














. X . 









, 


X 






X 

X 



X 


X 








X 














X 






X 








X 


















X 


X 



X 

X 










. 




X 












X 


. 




u 

*4 

7 

*1 

*3 


12 

2 


*1 

4 

*1 *. 



X 


X 




X 

X 

X 
















X 












X 


; 




X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 









X 




X 




X 














X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X . 









, 





, X 



X 


X 




X 

X 



X 

X 



X 






X 




X 












X 









X 



X 




X 




X 






. 








X 






■ . ■ ■■ 









X 



. 










X 


















X 






X 




59 

36 

29 

10 

18 

9 

41 

12 

ii 

7 

25 

7 8 

nil 


19 

16 

13 

7 

6 

6 

17 

5 

4 

3 

9 

3 5 

nil 


* The numbers in this row represent the numbers of records of Tipula lutescens in each habitat. 
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Table IL , NunAer qf Species and Genera of Qrane-jHes found in various ' 

numbers qf Hahitats. 

No, of Imbitats I, 2 3, 4 5.6 7 8 .9 '10 11 12 16 14. 15,; Totals 

„ species 42 15 13 , 8 3 9 3 2 . 1 1 1. ,1 99 species, 

„ genera 5 .. Al 2 2.3 2 1 2 1 .. 1 . 1 ,. ' I 26 geiie.ra 

Table, in. ^Ntimber of Species per Genus of Crane-flies in Camans^n shire. 


12 genera contain ' ■ ■ . 

. 1 species each 

sit s» . • 

• A. . ,, 

. . . 4 „ - 

2 " ' 

■5 „ 

1 genus contains 

. 6 „ 

1 ■' n 

7 „ 

1 » 

8 „ 

1 n 

13 „ 

1 ,, 

. 25 „ 

26 genera contain 

. 99 species in ai! 


sitimtioii is considerable compared with a situation exposed to the wind, or 
a situation with shade but without an abundant water supply, e.g. pine and 
fir woods. 

The density of the population of species may be gathered from the totals 
at the foot of each column of Table I and this enables a rough judgment to 
be formed of the relative values of the differen t liabitats as ecological factors. 

Relative Humidity. 

Relative hamidity may be defined as the amount of water vapour the air 
contains compared with the amount it would contain if it were saturated 
with moisture from a flat surface of water at the same temperature. The relative 
humidity falls as the temperature rises. Relative humidity may therefore be 
said to depend upon the interaction of temperature with the supply of liquid 
WTiter. The rate of evaporation is obviously important as it is clear that the 
■more evaporation takes place, the mo.re water vapour there will be in the 
atmosphere, at any rate for a short time. Evaporation depends mainly on 
(!) the vegetation, (2) the dryness of the wind, and (3)' the heat of the sun. 

It is on such factors as these that the ecological distribution of adult 
crane-flies largely depends. Of course the distribution of the immature forms 
is a great factor in the distribution of the adult flies and there was no oppor- 
tunity of WTirkiiig out the <listribution of the larvae, but it is believed that 
this will be found to correspond largely with that of the adults. 

All the habitats which have a large crane-fly flora, such as (1), (2), (3), (7), 
(il), are characterised by a plentiful water supply and a large amount of 
shade. This means that the relative humidity in such places is often large, for 
even if the temperature {loes rise considerably there is a plentiful supply of 
fresh water to evaporate, e.g. the wat6r,..of the streams, lakes, ditches, etc. 
There is usually a fair amount of moisture in mixed woods because there 
is usually enough undergrowth to prevent excessive evaporation. 
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Tie texture of tlie soil is an important factor in evaporation, as certain 
soils both allow the rain to sink in and have great capillarity, i.e. allow the 
moisture to rise to the surface readily. On the other hand, some soils do not 
permit the rain bo sink in, and so most of it runs of! the surface. Other soils 
permit the rain to sink in, but cannot draw it up again, e.g. sand. A clay soil 
is an example of a soil which does not allow the rain to sink in rapidly. The 
soil in a well-kept garden is a good example of a soil which allows the rain to 
sink in quickly and at the same time possesses good capillarity. Hence 
‘'Gardens” ranks among the most thickly-populated habitats. Not a single 
crane-fly has been recorded from the habitat designated “Sand dunes.” 

It will be seen that the more exposed the habitat is, the less dense is the 
crane-fly population, regardless of the amount of water available or on the 
other hand of the dryness of the position. Thus it is found that in such damp 
habitats as “Peat areas,” “Grassy banks of streams not in deep shade,” only 
5 to 6 diflerent genera are recorded and 8 to 18 species. Also in such habitats 
as “Open mountain” only 3 to 5 genera are recorded with a corresponding 
decrease in the number of species, 6 to 11. That other factors besides exposure 
affect the abundance of crane-flies is shown by the fact that in such habitats 
as “Coniferous woods” and “Swampy situations, (6) woody swamps” the 
crane-fly population consists of 3 to 7 genera and 7 to 10 species. This probably 
indicates that in the case of the pine and fir woods the lack of undergrowth 
and the resultant decrease in retention of moisture affects the presences of the 
adult flies. In the case of the woody swamps, the reason for the small 
numbers of flies, in spite of the dampness, may be some fault in compilation 
of the tables resulting from the narrow line separating this habitat from 
that designated “Immediate neighbourhood of streams, etc.” and “mixed 
woods.” 

Distribution ob Individual Genera and Species. 

Suppose one considers the ecological distribution of a large genus of 
crane-flies, e.g. Ti'pula, it is at once apparent that although representatives 
of the genus are found in 15 different habitats, only one of the species, i.e. 
T, faludosa, is found in all the 15 habitats, and it is only accidentally found 
in some of them. In the same way I . scripta and T. lutescens are found in 
12 and 11 ecological habitats respectively. 

The numbers opposite T. lutescens in Table I, representing a total of 50 
records of this species, show that though this fly has a relatively powerful 
flight, it is most abundant in damp places, habitats (1), (2), (5), (11) and (12) 
giving 26 records, or more than 50 per cent, of the total number for the 
species. The fly is also recorded 12 times, or about 25 per cent., from “ Hedge- 
rows, ditches, etc.,” which are in most cases damp also. Therefore in roughly 
75 per cent, of the recorded cases appears in damp and wet places 

in the neighbourhood of water. It occurs 7 times in “Mixed woods,” which 
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are iiatiirallj sliacly and, owing to the cover, have «a coiiiparativt^ly high 
relative humidity: very often streams run through them as well. Tlie. remaining 
ecological habitats in, which T, luiescens occurs at all are dry ones, e.g. Fine 
and fir woods,” ”Opeii .nioimtain areas, (a) bracken and (b) grass”: however 
there are only fi.ve such appearances recorded, and this is explained by the power ' 
of flight of the insect, as anyone who has observed, it flying can verify. In 
fact the writer believes that the marked sexual di,morphisin exliibited in 
the coloration of the wings is connected wit.h the strong flight, as ,it is in 
dragon"fl,ies. In connection with the, supposed protective mimicry e,xhibited 
by the ,female T. lutescens, it is interesting to note that .Alexander (1) observes , 
that “.dragon-flies appear to be the most serious enemies of the active adults” 
of Eriocera longicornis Wlk. It will , be seen that, although the fly is powerful 
enough to fly away from the haunts of its larvae, it is usually restricted to the 
neighbourhood of streams and damp places. 

T. marmorala is found in seven diflerent ecological habitats, but unlike 
T. liiteM:ens it shows a preponderating occurrence in dry habitats, e.g. (7) 
“Open mountain, [h] luNitlier and bilberry areas.” This is most interesting, 
as the larvae are only found in Hypnum moss on rocks and stones and rotten, 
tree trunks under trees, .near streams, etc. 

T. serifta is found about equally in such habitats as (2), .(3), (4), (7), (8), 
(9) and (12), thus showing no particular restriction in ecological distribution. 

As contrasted witli these species oi Tip^da that show a wide ecological' 
distribution, several s|)e(*ies (IS) are only recorded from one habitat. Though 
tills is of course, partly due to the small amount of data available, some species 
may be confined to single habitats. 

The genus Dieranonufla is represented in II different ecological habitats. 
D. pfiorea occurs in eight habitats and D. mdtfmnaUs occurs in seven. On the 
ofher hand, six different species occur only in one habitat. D, chorea is found 
as to about 60 per cent, of occurrences in “Hedgerows, etc.” and “Hardens,” 
the remaining 38 per cent, in various habitats. D. aMtumnalis is found about 
39 per cent, in “Hedgerows, etc.,” about 25 per cent, in '‘Mixed woods,” and 
in five other haliitats, yet never more than 14 per cent, in any one other. 
Z>. j)iJipennif^\ on tlie other hand, is never found in any other habitat except 
“ Ravines with streams, etc,” ; D. didynm^ is similarly found solely in the 
immediate neighbourhood of water (1). 

Pachyrrhina imperiaU.^ is found in seven different ecological habitats, yet 
in 48 per cent, of the recorded cases it appears in “Mixed woods,” and in 
26 percent, in “Ravines with streams, etc.,” where there is always a consider- 
able amount of shade. The remaining 32 per cent, of its occurrences ate in 
“Open fields, etc.,” the immediate;. neighbourhood of water, “'Hedgerows, 
etc.,” “(iardens,” and “Pine and fit’ woo.cls.”- 

Linniohia nabecnlom is found in eight habitats, and occurs as to 46 per 
cent, in “Mixed woods” and “ Ravines -with streams, etc.,” and another 
Joum. of Kcology XIU 40., 
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26 per cent, in ''Hedgerows, etc.”' T.he remaining 28 per cent, appear in tlie 
immediate neigliboiirliood of water, " Rocky situations,” " Pine and fir woods,” 
“Gardens” and "Houses, etc.” 

Limnofhila oc/rmcca is foiind in six different habitats; 43 per cent, in 
"Mixed woods,” and 16 per cent, in each of the foliowing habitats: "Ravines 
with streams,” the . immediate neighbourhood of water, and "Hedgerows, 
etc.” It is also found in "Open fields, etc.” and "Pine and fir woods.” 

Limnophila nenioralis occurs in ten different ecological habitats: 37 per 
cent, in the immediate neighbourhood of water, 21 per cent, in "Hedgerows, 
etc.” and in seven other habitats less often. 

Efioptem taenionota occurs in six habitats : 35 per cent, in the immediate 
neighbourhood of water, 31 per cent, in "Hedgerows, etc.” and also in 
"Ravines with streams, etc.,” "Mixed woods,” "Swampy areas, (n) grassy” 
and " Gardens.” 

Pedicia rivosa, the only representative of the genus, occurs in three habitats, 
i.e. "Peat areas,” "Swamp areas, (u) grassy,” and the immediate neighbour- 
hood of water. The larvae of this fly live in streams and swamps, and although 
the adult fly is large, it appears to remain in the habitats where its larvae 
have lived. . 

Cylindfotom>a distinctisswia is only found in "Mixed woods” and never 
anywhere else. This appears to. be another case in which the range of " the 
larvae and the adult fly are identical. 

So far enough data have not been collected to deal with all the genera 
adequately, as the writer only possesses about 1500 records of about 100 
species, amassed by himself , and there are no other records available. After 
further work it will be possible to allocate more exact ecological areas to the 
particular flies. 

At present only a rough indication can be given, as shown in Table I, as 
to where the different flies have been found, and one must not be in too much 
of a hurry to draw conclusions. One elementary fact stands out however 
(Table II). Many more flies, both species (42 per cent.) and genera, are 
restricted to one ecological habitat; there are fewer occurring in t'wo habitats 
(15 per cent, of the species), still fewer in three (13 per cent.), and only one 
species in 10, one in 11, one in 12 and one in 15 habitats. A similar rule holds 
for the number of species in each genus (Table III), e.g. 12 genera possess 
only 1 species, four possess 2, while only one possesses 6, one 7, one 8, one 13 
and one 28 species. In several cases the distribution of the mature fly seems 
to correspond with that of the larvae. 

Other Meteorological Factors. 

Rainfall. We have seen that relative humidity is probably the leading 
factor in determining the ecological distribution of crane-flies, though no 
direct comparisons of abundance of these insects with measured atmospheric 
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moisture have been made. It is, however^ of interest to eoni|)are t !ir‘ tt 3 iii|H>ra! 
abundance' of .crane-flies with the occurrence of rainfall. 

Such a comparison in the summer of 1923 points to th(‘. (*«)n(hisii>n that a 
week of average, or just under the average, rainfall (about one inch or some- 
what less in the week) following excessive- rain is apparently the most favour- 
able condition for the abundant occurrence of crane-flies on the wing. Jf there 
is a dry period, following one of less than the average rainfall, the tiumiHir 
falls o,ff, and the same effect is produced during a period of excessive rainfall, 
such .as 2 to 3 inches a week. The optimum' weekly rainfall for crane-flies 
under '.the co.iKlitions of Carnarvonshire appears to lie between 0-55 and 
0*95 inch (say 13 to 23 mm.). 

The individual genera show somewhat different relations to rainfall. Thus 
numbers of species of Tipida, large heavy insects, remain on the wing tlirough 
relative drought, while heavy rainfall has a lasting effect in depressing the 
number of species of this genus. The rather fragile flies belonging to the genus 
Dierauonii/ia follow th<3 general rule given above more closely, disappt^aring 
or practically disappc^aring in drought or excessive rain, a,nd cx'curring in tlie 
greatt^sf numbers in weeks showing 0*7 to 0*95 incli (.)f rain. Most of the 
small flies of the, genus Krioptera appeared in a wet week following drought, 
and least during drought, but the correlation with rainfall is not so close as in 
the other two genera mentioned. The oeourrence of Limnohia in relation to 
rainfall resembles that of the closely allied Biemyuymijia, while LinrnophUa 
showed the highe.st numbers during a week of relativn^ <]r(Uight ami the 
next highest during two weeks of rather low rainfall (9*50 and 0-TI inch). 

Temperafure, There is also a correlation betw(Hm t(un f)erature and tlie 
number of species of crane-flies on the wing, but the <iata are iiuKhujuatc. to 
any detailed discussion. GTahain-Smith (4) eoticlmled that teiiiperature in- 
fluenced the activities of flies more than any other Tueteorological comlition. 
and also tluit tliere is a critical temperature below which they cannot emerge 
from the pupae. The writer believes however that, once the critical temperature 
is reached, the number of adulfc crane-flies depends more on rainfall, probably 
acting through relative humidity, than on temperature or any other factor. 
This deviation from rTraham-vSraith’s conclusion probably depends on the fact 
tliat cra!ie-flies usually produce hut one, or sometimes two, broods a year, 
while the flies Graham-Smith worked with breed continuously throughout the 
fly season. Also his results are based on active flies caught in traps, wliile the 
writer’s include a<lults at rest in hiding places as well as those actually flying. 

Wind., Exce])ting its effect on relative humidity the chief influence of 
wind on crane-flies is to drive them 'into shelter where they are not easily 
found, and one must be on guard against comhiding that there is uny direct 
correlation lietween wind and number of adults occurring. No adequate data 
are available, 
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Altitudinal Distribution. 

So far as the rather scanty data available allow of a conclusion, one may 
say that the bulk of the species are lowland forms, and that above 1500 feet 
the crane-fly fauna is negligible. Flies have been recorded above this height, 
but it seems probable that their occurrence is only spasmodic and is occasionally 
caused by high winds. Only 20 species, belonging to eight genera, are recorded 
above 900 feet, and 12, belonging to five genera, from 1000 to 1500 feet. 
One species, Dicmnomyia didyma, occurs only above 1200 feet and must 
therefore be considered a mountain form. Tricyphona Uttomlis, LimnopMla 
bicolor and Idioptera apicata occur only above 500 feet and are therefore 
relatively upland forms. Some occur only below 500 feet, and a few only 
below 200, and are therefore distinctly lowland forms. Other species, on the 
contrary, show a wide range of altitude, Dicranomyia autumnalis, for instance, 
ranging from sea-level to 1000 feet. The majority depend almost entirely on 
the extent or range of their own ecological habitats. For instance, the flies 
characteristic of ‘‘ mixed woods occur in these whether they are at sea-level 
or at an altitude of 600 feet. 

I should like to take this opportunity to express my thanks to Dr 
C. L. Walton, Adviser in Entomology in the North Wales district, for his 
never-ending encouragement and advice throughout the work, and also to 
Prof. R. G. White for his permission to use the Entomological Laboratory in 
the Department of Agriculture, Bangor. 
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THE INCIDENCE OF SPECIES IN DELATION TO , 

SOIL PvEACTIONi' 

By E. J. SALISBURY. 

{Willi ten Figures in ilie teM^ 

It is not proposed to discuss here the origin and nature of the acids present 
ill soils. That real acids are present has been demonstrated by the iiiiinerous, 
researches which have shown that the. hydrogen -ion concentration of the soil 
solution is often considerably in excess of that of pure water. The fact'thafc, 
as shown by the writer, both for sand dunes and woodlands, for a given type 
of plant covering and on a uniform, mineral substratum, the real acidity 
increases mth the organic content, is strong presumptive evidence that the 
products of organic decomposition are mainly involved. 

In some cases the acids may be siliceous or a consequence of hydrolysis 
of mineral salts, such as those of aluminium or iron. Acidity may also be an 
outcome of adsorption and base exchange. But from tlie ]„H,:)i,nt of view of the 
ellect on vegetation of tlie liydrogen-ion eoiicentration it is immat(u*iai wliether 
the real acidity is a dimct or an. indirect result of organic dceoin])osition, and 
for the. moment we need not discriminate between a direct or an indirect 
toxic action. 

It is almost certain that the causes as well as the direct effects , of soil 
acidity are various and much harm has probably been done to the progress of 
knowledge by the exclusive attitude adopted by the protagonists of the various 
views tliat have been ])iit forward. 

Tlie chief interest for the ecologist is whether or not there is a marked 
rtdafcion bet'ween reaction and vegetation ami the causes of the reaction, if 
varied, only become of biological importance if they lead to differing results. 

It would seem almost superfluous to emphasise that soil reaction is only 
one of the ma,n,y factors which appear to determine the ]iatiire of the plant 
covering. But the statements of some investigato,rs would appear to wuirrant 
the assumption that the effect of other habitat factors in iiiodifyi.ng the 
tolerance of species for high concentrations of hydrogen-ions has o,ften been 
insufficiently recognised. The fact' that for instance a given species is found 
growing in soils exhibiting a wide range of reaction has been taken as evidence 
that reaction has little influence on distribution. The argument would only 
be valid if the species occurred with equal frequency and in equal vigour 
throughout the range in question; 

Acidity, like so many other habitat factors, can, under the |)rotected 
conditions of cultivation, be ' tolerated to ■ a .rlegrae which a species is not 
found to endure in nature. ■ Because aquatics,, such as Buiomus U'mbellaiUiS or 

^ C«)iitribution t»> tliBeuHMioii on soil acidity at. British Association Meeting, Liverpool, 1023. 
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. Alisnm 'plantago, will grow and flower in ordinary garden soil, or Statice 
Umrvosa on stiS clay apparently even more vigorously than on its native 
sMiigle, no one would suggest that the former are not rightly regarded as 
aquatics or that the latter is not really a littoral plant, finding in these respective 
natural habitats the optimum conditions for establishment and maintenance 
under natural conditions of competition. Similarly because it may be possible 
to grow species in water cultures, or even in soils, of high acidity in the garden 
or experimental plot, we are not warranted in assuming that therefore soi] 
reaction plays little or no part in determining the incidence of the particulai 
species in nature. 

Various workers have shown that in water cultures there is a tendency 
for selective absorption of roots to bring about an approach to the neutrai 
condition, but the complex equilibrium system represented by the soil h 
strongly buffered, particularly when, as in many natural soils, large proportions 
of colloidal substances are present. Owing to this strongly buffered conditior 
the reaction of a soil is comparatively stable despite the variations in th^ 
respiration of the root systems and the fluctuating character of the CO. 
output from the teeming micro-flora and -fauna. Indeed, such seasona’ 
changes as may occur in reaction appear to correspond rather to the effect o; 
the summer drought on the colloidal fractions and their buffering action thar 
to the spring and early autumn maxima in the organic life of the soil. We maj 
assume for our present purpose that, within comparatively narrow limits, th< 
reaction of an undisturbed soil is fairly constant throughout the year. 

With the object of estimating the effect of reaction in the conditions o; 
nature a few species were chosen of which samples had been collected from i 
large number of localities. 

The locations had been chosen in the ordinary course of ecological investiga 
tion ; the only bias in their selection is that extreme types of habitat tend to b< 
sampled more frequently in proportion to the normal than their actua 
numerical frequency warrants, hence the mode tends to be less pronouncec 
and the gradient of the curve less steep than in an ideal curve. For our presen 
purpose when a large number of soil samples were taken close together in th< 
same locality all those of identical pH. value were treated as one determination 
In this way any ''overloading'’ due to an exceptional number of sample, 
being taken in a particular type of locality is avoided. 

The area covered by the samples extends from Cornwall and Kent in th« 
' south to Lancashire and Yorkshire in the north; most of the localities howeve: 
were in Hertfordshire, Herefordshire, Shropshire, Cornwall, Somerset, Surrey 
and Kent. 

The data are plotted as frequency curves with the pH values as abscissa* 
V and the number of localities as ordinates. It will be apparent that th 
Nmves approximate to normal variation curves with a fairly high degre- 

^Spersion. . 
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Fig. 3. Hydrogen-ion concentration in 60 localities for Scilla mdans- 



I 

I 

i 




■ E. J, »ALISBUliV. 

It may be assumed that since very acid and very alkaline soils are of rare 
occurrence a random sampling of a large nnniber of soils would yield a iionnal 
frequency curve representing the frequency distribution of soils of diilVivut 
reaction. If a species existed which was entirely indifferent to soil reaction it 
is evident that the distribution curve obtained by sampling all the soils on 
which it grew wonld be identical with that for the frequency distribution of 
soils of different reaction; in other words, the modes in the two cases would 
coincide. 

That the curves we are about to consider are not merely distribution 
curves of random sampling in relation to reaction is shown by two facts. 
Firstly and most important is that the curves for the different species do not 
exhibit modes corresponding to the same pH value as would be the case if 
they were determined by the frequency of soils of a particular reaction. On 
the contrary, the modes are widely separated over the scale of reaction, tlie 
mode for Psamnm a/remria being in the neighbourhood of pH 7*1 and tliat of 
Pteridium afiiiilinum corresponding to pH 5*5. Secondly, some of the species 
exhibit a curve of bimodal form, whereas the soil curve is monomodal. 

The ciuves for the different species fall into two categories. One type, 
illustrated by Pteridiwm aqtf/iMnmn (Pig. 1), Vaceinium nii/rliUHs (l^’ig. 2), 
Scdlla niitmis (Fig. 3), approximate closely to the normal variation curve with 
a single mode, and it is noteworthy that in these species the soils t‘xa.mined 
were almost all on the acid side of the neutral poinfc. In the case of both 
Scilla (Pig. 3) and Vaecmium (Fig. 2) we note the suggestion of a bimodal form 
which may, however, be due to the small number of localities examined, only 
62 in the case of SciUa nutans. It should, however, be noted that this hitter 
represents about 200 samples. The curve for Psamma arenaria (Fig. 4), based 
in this case on a large number of samples from a single area, shows a similar 
type of curve with the mode on the alkaline side of the neutral pchnt. Here 
too we note the suggestion of a second mode between pH 6 and pH (M. 
Broadly speaking, these curves represent not only the incidence frequency 
but also the frequency of the species in relation to reaction, as in nearly all 
cases the number and vigour of the individuals is notably less in the localities 
corresponding to extreme values. 

The second type of curve is presented by species such as Mereurialls 
perennis (Fig. 5), and Ficaria verna (Fig. 6), where the curve is markedly 
bimodal in character, the species being most frequent in locations of slight 
acidity or slight alkalinity. 

It is significant that this bimodal curve has also been noted by Hikson, 
Arrhenius^ and others in reference to the vigour of species in relation to 
varying pH concentrations, . 

Arrhenius, for example, working with wheat in water cultures ranging 
from^pH 4,to pH:'10:, 'obtained a maximpm dry weight'bf the entire plants at 
^ Journ. aen. Ph^s,n,SUBS,m2. 
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5 and jjH 9. These are also approximately the, reaetioii values for maxiiiiiiiii 
water absorption and almost niiniiiia! salt absorption. Similar results were 
obtained with Ruphanm^ where the dry weights iikiovise yielded I a biinodal 

curve (cf. Fig. 7). 

That competition in nature is largely a function of the rate ami vigour of 
growth is a necessary corollary of the fact that success in tint struggle for 
existence is so often a matter of suppression of om H])eeies !)y another. If, 
then, there are tw'o regions on the scale of reaction ivliere maxinram gro^\dii 
occurs it is reasonable to suppose that these reactions would also correspond 
to the most successful struggle with competitors in nature and hence a biniodai 
form in the curve of incidence, Robbins^ has rctceiitly suggestiMl that this 
bimodal form may be correlated with the isoelectric resultant of the complex 
of ampholytes represented by the protoplasm. The curves for arboreal species 
show a similar form. As in the other species, the curves are- based on samples 
0-6 ins. in depth. The assuiiiptiou being as appears justified by forestry 
experience that it is the character of the surface soil which mainly determines 
success or failure in the early stages of development. It is fully lucognised 
that the incidence curves repre^sent the summation of the eilects of both 
acidity direct, and its indirect effect on (filler factors. Amongst the indirect 
effects of ac'idity may be cited the liringing into solution of add soluble toxic 
salts. Such are the salts of aluminium hydroxide and the ferric and ferrous 
compounds. Aluminium hydroxide is, however, precipitated between pH 3*9 
and pH 6*4. In minute (Quantities aluminium salts are chdinitely beneficial, 
hence if aluminium salts were alone conc'erned in the eifects jiroduced by soil 
reaction we should expect to find species attaining tlunr maximum somewhere 
about pH G. Similarly, ferric* salts are precipitattid between pH and pH 6^ 
and ferrous salts betiveen pll 5*1 and pH 8. TIuj small amounts of ferrous 
salts present above G is proliaiily barely sufficient at tlie higher values to 
maintain the requisite siipjily of iron, hence the tendency towards chlorosis 
in alkaline soils. Alike, however, fin* aluminium salts, ferric and ferrous salts, 
the major part is precipitated lietween pR (> and pH 7, so that the bimodal 
curve cannot possitily be explained as due to the indirect effect of reaction 
on their solubilities., , , 

It is probable that the effect _.oi"'"mdity is largely an indirect one as it 
affects the availability of nutrient ions but, as the invest igatioiis of Waynick 
have shown, it is by no means necessarily the conditions which are most 
favourable for absorption of salts which are most favourable for the growffh 
of the plant^. Miss Irwin‘S has shown that the pemieability of living cells of 
Nilella to dyes increases with the increasing alkalinity of the medium and it 
would appear from her Avork that a considerably higher reaction outside the 

^ Amcr. Jonrn. Boi. 10, 4J2-'4S9, 23. 

Ct Patten, H. E, aiwl Mains, Gr. H. Journ. ..l-w. o/zlf/r/c. Ohm. HI2fK 

® Cf. U^iiv. Calif, Pub. At/m, Bci, 3, HUS. ^ Journ. Cau, Pbju, 5, 223-4, 1922. 
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tliaii inside may be necessary for the optimal absorption of some substances* 
lie results indicate the fallacy of the argument that low pH values cannot 
3 detrimental to the plant because the cell sap has a similarly high acidity. 

It has long been recognised that the relative rates of leaching of the 
itritive salts in the soil varies greatly. That for instance calcium bicarbonate 
aches most rapidly under the influence of carbonated rain water, that 
)tassium and m.agnesium salts leach out much more slowly. 



Fig. 7. Dry weights of wheat i rnd radisl^ nd absorption of HgO +K by wheat at 
different Hydrpggn-1 on concSi^rat^s (after Arrhenius). 

Tansley and the writer^ found that in somenf the Malvern woods on lime- 
ne subsoil this difeential leaching had led to an actual concentration of 
}assium and magnesium in the surface layer, 'and even over subsoils not 
itaining a high proportion of calcium the most completely leached soils, 
ich are also usually the most acid, tend to be those relatively richest in 
}assimn. Thus there is a tendency for relative increase in potassium to go 
id in hand v/ith acidity and the question arises as to whether the effects 

^ This JotTENAL, 9, pp. 23 and 24. 
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we have attributed to acidity may not really be due to the parallel iiuTcase 
of potassium. 

lu dealing with the calcicole habit^ the writer emphasised the importance 
of Fernald’s observations made some' 17 years ago, which in conjunction 
with more recent work indicates that the calcifuge species are in part at least 
plants demanding a considerable supply of potassium. 


40 



Fig. 8 Variation of Hydrogen-ion concentration in 570 localitiea of Quereetym 


Recently this idea has been developed by Pearsall in a special form, 
attaching paramount imj[)ortance to the ratio between edetvm myj sodium 
potasshmi and 

It is obvious that the ordinary chemical analysis is valueless in this eon- 
nectioii. Just as the potent lal acidity of some weakly ionised soil acid has 
bearing, if any, on the distribution of vegetation, so too it is ]>at(mt that- tlie 
proportion of potassium ami other salts aduulhj preseMt in the soil solation is 
the essential factor, and this, as is well known, cannot be inferred from 
chemical analyses. Ratios based on such . data' moreover yield values that 
. . . , , - ^ This JouewaC, 8e-|)..206,-. : , 
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omlj liave ii:o relation to tlie plant covering (the ratio for 'potassium to 
um, for example ill Pteridetiiin, may range- from 0-8 to as imicli as 14-9). 
)e terminations based on tlie actual soil solution, however, yield the 
rising and interesting result that the absolute and relative proportion of 
ssium salts appears to be subject to surprising fluctuations of considerable 


Wools 





Fire 9, Variation in Hydrogen -ion concentration in 83 different 
Qnerens rohur woods and in 108 Beechwoods. 

itude in relation to the water content. In 1 : 5 water extracts Burgess 
that the ratio of Ca to K may be only 1-6, whereas in the soil solution 
the ratio was more than three times that value, viz. 6*2. In the seven 
ypes studied by him the average ratio was nearly three times as great 
e soil solution as obtained by pressure and one must therefore conclude 
the relative proportions of the mineral salts are liable to considerable 
tions with the changing water content. On a pnon grounds then it 
i seem more likely that the vegetation should be correlated with the 
^ Soil Science, 



1511 


1:J., Salisbury: 

relatively constant reaction than with a ratio which exhibits nnirked iluetua,- 
tions. We could at all e.v<nits only judge, as' in the- case of water content, 
from an extended series of determinations over, a considerable , period. But 
even if we knew the ratios .in the. soil solution it appears that the proportion 



in which the ions are absorbed is not determined by the proportions in which 
they occur so much as by the r^^action of the medium, henc^e we are again 
forced back on the pH value of the soil. In the absence of any extensive data 
on soil solutions we may note that in water cultures of wheat exliibiting n 
wide range of basic ratios Masall obtained dry weights whicli when 
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)tted fluctuate quite irregularly about a mean, wbereas when grown in 
itiires of varying pH values a definite optimum is evident. 

The hypothesis further involves the assumption that plants of calcareous 
Is are intolerant of a high proportion of potassium. When, however, the 
he ratio is experimeiitaliy changed vegetation changes occur which are the 
'■erse of those which should result if the ratio of potassium to the other 
meats, and not the reaction, is the important factor in. determining the 
iracter of the vegetation . 

The experiments at Rothamsted, which are the longest continued ecological 
}erimeiits we can quote, include two plots similarly manured, except that 
; receives potash and the other does not (Mg. 10). After 57 years this has 
uglit about changes of which the most marked is an increase of legu- 
lous plants, characteristic of less acid soils', on the plot receiving potash, 
periments in the United States carried out by Skinner and Noll on 66 plots 
wed an increase of clovers on less acid plots receiving chiefly potassic 
ilisation, whilst on the more acid plots receiving, mainly phosphatic fer- 
iers the yield of clovers was much lower. Mnally, it may be recalled that 
iigh chalky soils respond well to potassic manures, many sandy and highly 
a,nic soils respond equally to this treatment. 

One can therefore only conclude that for land plants the basic ratio has 
e if any significance, and that the main factor which is responsible for the 
dence of species is the reaction of the soil, which is one of the several 
ortant factors that govern the distribution of plants in the wild state. 


SOME IMPRESSIONS OP THE INTERNATIONAL PHYTO- 
GEOGRAPHICAL EXCURSION IN SWITZERLAND, 1923 

By E. J. SALISBURY. 

The International Phytogeograpliical Excursion to Switzerland in July 
.and August 1.923 was attended, by twe.nty-eiglit ecologists (or, as the Swiss 
and others prefer to call them, Oeobotanists) in addition to the Swiss leaders 
and those ^?ith special local knowledge who joined the party temporarily. 
In all some fifty were for a time at least members of the y>arty. which was 
remarkable for the number of acthm workers of which it was composed not 
less than for the number of nationalities represented, of wdiich there were no 
less than seventeen. 

Despite so many nationalities and the diversity of temperaments the 
extremely harmonious relations of the entire party made one of its most 
striking and pleasant featurc^s. due in no small measure to the personality 
of Professor S<diroter. In this eoimection one is glad to have the o])[)ortunity 
to record the debt of gratitude that all those who took part owed to tlie 
organising ability of Professors Schroter, Riibel, and Brockmann, and to their 
unfailing kindness. 

One great value of so cosmopolitan a gathering of active ecologists was 
the occasion it afforded for tlie diseiission of points of view and methorls of 
investigation. It is natural and indeed even desirable that the mode of 
approach to ecological problems should be diilerent in different countries, 
but it is a concomitant of tlie youth of the subject that the ^’’arious avenues 
of approach liave as yet been followed by the respective schools of ecological 
thought to such var}dng degrees that discussions on the classification of plant 
commiiiiities are apt to be more polemical than ])racticai. This impression, 
which is obtained from a perusal of the literature of the subject, received full 
confirmation from the numerous discussions that took place, and it became 
apparent that one cannot at present expect .any .marked uniformity in regard 
to synecological treatment. The analogy "with the liistory of the development 
of a natural classification of plants is calculated to curb any impatience one 
may feel, since after a much longer period of time we still find that the term 
species connotes aggregates of very varied taxonomic significance. 

In view of the excellent monographs that are now available dealing with 
most of the areas visited no useful purpose would be served by giving any 
general description of the vegetation types examined, but it may be useful 
to draw attention to several special points noted during the excursion. 

One of the earliest visits was to. the-, mixed woods near Zurich, These 
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consist cliiefiy of Spruce and Beech, but as a consequence of felling and the 
differential sprouting of the constituent species the mixed wood becomes 
locally replaced by almost pure stands of Fagus sylvatica. Where the Spruce 
is the dominant tree a sparse ground-flora obtains, but on the light patches, 
where trees have died through the attack of Tmmetes ra&'cfpcrda, colonisation 
takes place by Carpinus betukis. 

A number of extremely interesting experiments were seen at the Experi- 
mental Forestry Station. Amongst these some of the most striking were the 
experimental plots of Querms robur and Quercus sessiliflora grown on various 
types of soil and affording confirmation of the presumed soil preferences of 
these two species as deduced from their natural occurrence. On soil rich in 
calcium, for instance, the vigorous growth of Q. robur was in marked contrast 
to the stunted appearance of its congener on the same type of soil despite the 
fact that the number of Quercus sessiliflora seedlings were fewer and compe- 
tition consequently less keen. On soil rich in humus Quercus sessiliflora had 
the decided advantage, whilst on gneiss there was no difference sufficiently 
great to be recognised visually. 

Other plots had been sown with Spruce seed collected from different 
altitudes. The resultant trees were very different in height and in general 
their stature showed a decrease with the increasing altitude of the source of 
the seed. 

In the Laboratory were exhibited a number of diagrams showing helio- 
tropism in tree trunks, the movement amounting in some cases to 26^^ in four 
years. 

During the stay on Mt. Pilatus, where the slope was gentle and on isolated 
grassy hummocks, interesting examples of leaching were seen. In such spots 
the characteristic calcicole vegetation of the steeper , slopes gave place to 
calcifuge elements in which Nardus stricta and Astrantia minor were con- 
spicuous features. A similar but even more striking instance was encountered 
near Lugano where on Monte Salvatore a comparatively level stretch of 
leached surface soil bore Pteridium aquilinum and Oalluna vulgaris. On 
digging up specimens of the latter it was found, as in similar cases examined 
in this country, that the roots penetrated into the highly calcareous sub-soil. 

On the way from Zurich to Thusis a halt was made to examine a Fen 
community very similar to an English “Low Moor’’ with Parnassia palustris, 
Molinia coerulea, Poterium officinale, Epipactis palustris, Orchis incarnata, 
Peucedanum palustre, and many other British Fen plants including, the now 
extinct, Senecio palustris. In these familiar surroundings it was therefore the 
more surprising to see Her minium monorchis, a species we associate with dry 
chalk pastures, in waterlogged soil side by side with Rhynchospora alba and 
Spiranthes aestivalis. Similar mstances are known in our own vegetation and 
probably the same explanation holds (cf. this Journal, 4, p. 99 and 
8, p. 210). Our sand-dune Hippoplme was seen in 
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this same area growing as a fen species^ which recalls t!ie ohsc^rvation of 
Kingdom Ward {Land of the Blue Pojrpy) that this sliruh dense 

thickets on an alluvial fan at Tsa-lei at IS^OOD ft. and grows hy tin* side of 
all the more sluggish streams of south-eastern Tibet. Uii lit. Idiiatiis IlipjHh 
pkaeis likewise met with quite near the tree limit. 

On the way to visit the beautiful National Park in the Lower Eiigadine 
the .party stayed at Zernez, which has a decidedly continental climate with 
a mean temperature of about 21® C. .and a rainfall of about 28-7 ins. The 
steep slopes behind Zernez have a southerly aspect and bear a very xero- 
thermic flora that contains .many elements in common with the sandy heaths 
of Suffolk, where also there is a low rainfall in relation, to the mean annual 
temperature. Amongst the species characteristic of both areas may be men- 
tioned Artemisia campestris, Koeleria grrmUs^ Medieago f(f Ouopordon 
acaMhium.^ Phlemn Boehmeri^ Sclerant/ms perenmis and Verouicfi spicaia, Tliese 
species mostly belong to the Pontico-sarmatian group of Sterner (Geografishi 
Annaler, 1922) with a distribution mainly centered in southern and (amtral 
Europe. 

In the National Park itself an interesting internungling of eah'ieole and 
calcifuge species apjjeared to be correlated with topographical elinnges that: 
suggested differential leaching of the surface. Furtlier on, tho slopes of 
Buff’alora exliibited an exceptionally high tree-limit at an iiltitude (if 23tH) rn. 
and beautiful examples of the prostrate form of Pi mis mo u (ana up to 2350 m. 
Here too was seen a good instance of the recession zone of the tree limit, 
occupied by Rhododendron, etc, 

A week’s sojourn in tlie Bernina Hospice admitted <,)f a close st udy f)f sonu^ 
of the high alpine vegetation, and particiilarly of the peculiar vegt‘tation of 
the “Schneetalchen'' in which Anthelia julacea a constant and cliaracter- 
istic feature. It was interesting to note the regular preseiu'c of Satix lerhtcea 
and (dnaphalium alpinum as in the snow-flushes of Scotland (cf. W. L, Smith, 
Scot Bot. Rev. 1912), 

In the Heiital, famous for its alpine pasture, the uiKhulying rock is 
mainly non-calcareous but on one side of the valley calcareous strata are 
exposed a.nd produce flush/’ effects in the pasture })eiow, with a corre- 
sponding admixture of calcicole species, which diminishes as the distance fro,m, 

. the calcareous rocks increases. , 

The flat .roof of the .Bernina .Hospice- .offered an interestiiig exaTuple of 
colonisation by wind borne seeds. Here were present a number of plants of 
Poa (dpina, Cardamine resedifolia, and two of Festuca rubra, but tlie number 
of dead individuals bore witness to the rigour of the liabitat. Behind the 
Hospice Prof. Brockmann demonstrated the erosion of soil and vegetation on 
slopes which had remained unprotected by the snow during t]n‘ winter storms. 

On leaving the Bernina Hospice en. route for Italy the foot of the Paki 
glacier was passed. This presents a :wonde.rful succession of terminal moraines, 

. , 11 — 2 .. . 
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coiTespondiiig to tlie gradual recession of the glacier. These moraines have 
each been colonised in turn by Larix europea from the neighbouring forest, 
the outermost moraine bearing large trees whilst those on the youngest 
moraine are still comparatively small. Here too are to be seen beautiful 
examples of the avalanche gullies colonised by Alnus viridis, appearing as 
bright green vertical streaks interrupting the forest of Larch. 

On crossing the frontier into Italy the prevalence of the Peruvian alien 
Galinsogu parviflora by the wayside was noteworthy, whilst Setaria viridis 
and Setaria verticillata were the conspicuous weeds of the cultivated fields of 
Sorghum, Buckwheat and Tobacco. The dry slopes of siliceous soil exhibited 
a large proportion of continental types and in addition to calcifuge species such 
as Pteridimn aquilinum, Calluna vulgaris, Jasione Montana, etc., there were 
present others such as Silene nutans, Carlina vulgaris, and Galium cruciatum, 
which in more northern climes tend to be restricted to calcareous soils where 
perhaps , the physical rather than the chemical conditions determine their 
habitat. 

Towards the end of the excursion a visit was paid to the Lauterbrunnen 
valley where, below the talus of calcareous rock covered with Stipa calama- 
grostis, there grew a scrub of Oorylus avellana in which the ground flora was 
very similar in composition to that of our own chalk scrub but with the 
addition of southern types such as Erica carnea, Hepatica vulgaris, Vince- 
toxicum. officinale, etc. 

On the Lauberhorn the stone slides recalled our English shingle beaches, 
the r61e of Suaeda fruticosa in holding back the stones being here played by 
Vaccinium uliginosum, which reacts in a similar way to burial by rock fragments. 

It need hardly be emphasised that only a very few features that impressed 
the writer as of particular interest to the student of British ecology have been 
mentioned and nothing has been said of the many equally striking examples 
of syn-ecological and aut-ecological phenomena of wider appeal, since most 
of the latter are dealt with in Prof. Schroter’s Pflanzenlehen der Alpen (of 
which a new edition is now available) and the admirable monographs pub- 
lished under the auspices of the Pflanzengeographische Kommission der 
Schweiz. 

Professors Schroter, Eiibel and Brockmann were appointed as a permanent 
committee to serve as a central body for these International Exc 
a majority of those present passed a resolution in favour of biennial 
The next of these it is proposed to hold in Norway and Sweden in 19 



THE IMPERIAL FORESTRY 'INSTITUTE, OXFORD 

(communicateb) 

Last year saw the beginning of what should prove to be a great devclopnieni in .Forestry 
training and research, with the establishment at Oxford of an Institute whicii will be 
known as the Imperial Forestry Institute,- a title .adopted at the command of His Majesty 
the King. 

The question. of establishing a central training institution was first discussed by the 
British Empire Forestry Conference in 1920. This Conference felt tliat, owing to lack of 
funds and dissipation of effort, training in the higher branches of forestry for the needs of 
the Empire was. nowhere as complete or efficient as was desirable, and, therefore recom- 
mended the establishment in the United Kingdom of one institution w^hich slioiild undertake 
the higher training of forest officers and should also be a centre for research into the 
formation, tending, and protection of forests. An impartial Committee, consisting partly 
of representatives of Government departments concerned and partly of experts, was 
thereupon appointed to make recommendations regarding the location and organisation 
of such an institution, and other matters. After visiting the L^ni^'ersities of Oxford, 
Cambridge^. Ha.ngf)r, and Edinburgh, and also taking evidence from other Universities, as 
well as from Institutions and vSocieties interested in forestry, this Committee issued in 1021 
a. report whieh r(‘Commended th(‘ establisli merit at Oxford of a, central institution for thii 
high(‘r training of fort'st. otfietM’s, for training in research, for tlie provision of special and 
“refresher’’ <-onrses for ofiicers already serving, and for the conduct (ff r<*sear(,*h into forest 
production. The j-ef)ort made it clear that there was no intention of interh/ring with the 
work done by the vaiious Ihiiversity Schools of Forestry, and provided the training of 
these w'as maintfiincd at a required standard, selected students from any such schools 
would be eligible for admission to the central institution. Full details will be found in the 
R^eport of the Interd(‘partmental Committee on Imperial Forestry Education, 1921 (Com- 
mand Paper ilfifi). 

Further action was suspended until 1923, when the proposals of the Interdepartmentai 
(Mmmitt(‘C‘ were (*onsidered by the British Empire Foresti'y Conference in (Canada. The 
CorffVrenee supported Uunu in the strongest terms and they wx*re subsequently endorsed 
by the Imperial Economic Conference held in London the same year. Arrangements w'ere 
accordingly completed for starting the Institute in Oetober 1924. 

Th(i Imperial Forestry Institute will be a University Institution, the Professor of 
Forestry being its Director. It w^ill be imder the control of a Board of Governors repre- 
siuiting the University and Government Departments concerned, undiT the Chairmanship 
of Lord Clinton, a Forestry Commissioner. The educational w'ork of the Institute will 
comprise (1) post-graduate training of probationers for the forest services and of other 
((ualified persons, (2) training of research officers in special subjects, and (3) jirovision of 
courses for selected officers already serving. It is intended that the Institute should maintain 
close touch w'ith aud b(‘ of assistance to the various forestry training centres tliroughout 
tlie Empire. Thus, in the case of overseas training centres whieh have no direct means of 
giving })racticai instrmdion in the latest Bystems of management as practised on tlie 
(•ontimnit of Europi*, it will be one of the functions of the Institute to arrange for such 
prat'lical instruction to l.)(‘ given by members of its owui staff to students wdio have already 
(.completed their gcmeral course of training at their ow'ii Univc'rsities or Colleges. 

If in any [uirticular ease it cannot undertake to give direct instruction, the Institute 
may arrange that this should be given at some other place. It is proposed, for instance, 
that close touch should lie maintained with the Royal Botanic Gardens, Kew', whose un- 
rivalled r(‘sources should be of great assistance to those stiKhails who may wish to study 
syst(‘matie botany and economic products.. 'Again, fo.rest engineering is a subject which 
cannot hv dealt witii comprehensively in Great Briatin, owing to the absence of logging 
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operations on a large scale; arrangements will therefore be made as far as possible to study 
it practically in the forest regions of the Continent, or in certain cases in Canada. Similarly, 
the study of tropical silviculture from the practical point of view is impossible outside the 
tropics, and hence the Institute will maintain close touch with other institutions where 
this subject can be efficiently dealt with, such as the Forest Research Institute and College, 
Dehra Dun, in order that the best possible arrangements may be made in the interests of 
students who wish to make a practical study of tropical silviculture. 

Although the Institute is intended primarily to serve the needs of Forestry in the 
British Empire, it will be open to qualified students of any nationality provided that there 
is sufficient accommodation. Nor is it by any means intended that it should cater only for 
the requirements of State forest services; now that timber and wood-pulp firms are be- 
coming more and more interested in the management and working of forests on scientific 
and economic lines, the Institute should be of special value in providing them with fully 
trained employees. Students admitted to the Institute may, in fact, be included under 
any of the following categories: 

(a) Those possessing a Degree in Forestry, or a Diploma or equivalent certificate of 
having satisfactorily completed an approved course of training in forestry, who have been 
selected as probationers for the higher branch of some forest service. 

(5) Graduates with honours in Science, who desire to become specialists in some branch 
of work connected with forestry. 

(c) Forest officers deputed to attend com’ses with the view of bringing their professional 
knowledge up to date. 

(cl) Students of approved qualifications not included in the first three categories, who 
are admitted on the recommendation of overseas governments. 

(e) Students with a University training in forestry who may wish to attend the Institute 
on their owm p^ccount and at their own expense. 

The course of study at the Institute will normally extend over one academic year, 
beginning October, and will be made sufficiently elastic to serve the needs of individual 
students. The subjects dealt with will cover the whole range of Forestry, and will include 
Silviculture {European and Tropical), Forest Management (including Mensuration, Valua- 
tion, and working plans), Forest Botany (including physiology and anatomy of trees, 
mycology and pathology, ecology, and systematic botany), Forest Zoology (including 
entomology), Forest Utilisation (including the structure, properties, and uses of wood), 
Soils, Climatology, Forest Economics and Policy, Forest Law, and Forest Engineering, 
including Sm^eying. 

Temporary accommodation for the Institute has been arranged in the University 
School of Forestry building, but a more suitable site and larger buildings will be necessary, 
and the formidable task of obtaining funds for the acquisition of a site and the erection of 
buildings remains. A building fund is being started, and it is hoped that this great under- 
taking will not suffer from lack of support on the part of benefactors who have at heart 
the welfare of the Empire in general and the cause of Forestry in particular. 

The Institute started work on October 13, in the School of Forestry building until 
arrangements can be completed for the erection of new buildings on another site. 

The following Staff has already been appointed: Director, Professor R. S. Teoup, C.I.E., 
M.A.j D. Sc.; Secretary, Mr P. S. Spokes, B.Sc., M.A.; Lecturers — Economics of Forestry, 
Mr W. E. Hiley, M. a. ; Silviculture, Mr H. G. Champion, M.A. ; Mycology, Mr W. R. Day, 
B. A., B.Sc. ; Structure and Properties of Wood, Mr L. Chalk, B.A, Other posts have yet 
to be filled. The Institute will, in addition, have the assistance of the following members 
of the Staff of the School of Forestry: Forest Management, Mr R. Boxjene, M.A. ; Surveying 
and Engineering, Mr N. F. Mackenzie, Hon.M, A, The Forestry Commissioners have 
agreed to station at the Institute certain of their research officers. In spite of the fact that 
the Institute is not yet fuUy organised and that sufficient time has not yet elapsed for the 
attendance of students from all parts of the Empire, nine students, deputed by the Colonial 
Office and the Forestry Commissioners, have begun special courses, and further students 
are expected to join during the next few months. 
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A party of ten visited tlie Gower Peiiinsulaj in Glamorganshire, South Wales, from 
September 1st to 6tli. The weather was very favourable and an interesting w(‘ek r<?S!ilied. 
The extreme length of the peninsula from Swansea to Rhossill is af>out 17 miles and its 
average width 6 miles; yet, in spite of its proximity to the Welsli coalfic'lrl, it is visited 
much less than its natural beauty deserves; possibly owing to the absence of any railway 
communications witliin the peninsula itself. 

Idle party made their centre at Reynoldston, from which each quarter of tln^ area was 
explored in turn. The ecological interest derives in part from the vaivii^d haldtat conditions 
which exist. Geologically therc.^ is a sharp dhision between the acidic coal measures sand- 
ston(?s at the east end, with Q, sessUijiora woods and dry grass heaths; and the limestone 
vdiich composes the west, with ash and oak-ash woods and extensive ai’alile. Westwards 
also, post-earbonifei’ous folding has thrown up several ridges of Devonian conglomerate 
of a highly qiiartzose character, which also shows, in its peaty heatliS, a marked (contrast 
with the suri'ounding limestone. 

The coast is of very various nature, prineipally linuvstone eliif, partly overlaid with a 
shallow heatli-bi'aring soil but carrying also ashwoods, dense serub aial a, rich ledgv-ilora, 
including Hdiruithfomnn attmhi. Asparagus mariluuu^, Draha abjudi.s (the only British 
habitat) and sevei’ai woodiaiid plants, e.g. Ruscus aeuhaluu. There an? extensive* fri'sh and 
salt marsh(*s, wheiv Althaea q^lcmalis provides a tim^ Hp(‘ctaelf‘, and anais of high, blown 
sand, overlying iim(‘Htone, as well as more normal dune systems, which l.)r Salisbury con- 
sidered to show a vt*ry ebxse ix^semblanee to those of the Lancashire coast. 

At Jjlanmadoc Aeoulfum napeihis was seen abundantly in the comer of a field, some 
40 miles away from its main locality oti the Ely River, near Cardiff. On ’W'orm’s Head it 
was surjtrising to see fx'ds of luxuriant grasses on a peaty basis into which a, stick could 
be thrust for nearly 18 ins., developed at an altitude of only 50 ft. abovt‘ st*a level and, 
on a fully exposed S.W'. slope. There tvppear however to be neit,her shet‘p noi* ru.bbits on 
tills part of the Headland, which is practically an island. On tlie cliffs opposite.*, wiiieh are 
exposed to grazing and nilibling, the turf is very short, 

llie ai’ea was for the most, part, of necessity, only examined cursorily. Several Hp(*cial 
features were however studied in greater detail and a few notes on these may be placed 
on record. 

The interesting dune system known as Wbitford Burrows was noteworthy for the high 
proportion of ealcieole spcjoies, particularly on the more stable yellow-<liine phase. The 
early piuises exhibited a very high calcium content and samples taken showed a rang/? 
of from 11*8 to 13*5 per cent. GaCOa. The source of the comminuted .shell fragments was 
not far to seek, as considerable deposits of shells were exposed in some of the dune hollows 
consist ijig chiefly of (Jardlum edule and Eelix mrmmUs, The oldei* phases bearing the high 
p,r<,>p()rtion of calcicoie sp(‘cies were also sampled and showed a ealcium content of over 
3 per cent. 

In the dune slacks the following species were listed by Mr Hyde and one of the writers: 


Agrostis maritiiua Lab. 
Auagaliis teneila e. 

X Chlora perfoliata o. 

Epipactls pahistris .Lc. 

>; Erythraea polchella f. , ■ 
,, umbel lata I. 

.X EuphruHia ? nemorosa o. 
X Centiana ainareila r.r. 

X Glaux maritima I. 


X Hydrocotyle vulgaris f. 

Hypericum tetrapterum r. 
X Jimcus acutus l.f. 

„ lampoearpus. 
Leontodon autumnale. 
Linum catharticuni. 

X Mentha aqiiatica, 

,, ' arvensis. 

Plantago major r. 
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X Plantago coronopus f. pygmaea. Seneeio jaoobaea f. 

,, maritima. Trifolium dubium r.r. 

X Potentilla anserina. 

X Sagina nodosa c. Equisetum variegatum v. arenarium r. 

Salix repens c ~ab. Aneura pinguis. 

X Samoliis valerandi l.c. (wettest parts). x Petalophyllum ralfsii l.c. ' 

Scutellaria galericulata r.r. x JSTostoc sp. ( ? vulgare) ab. 

The species marked with a cross are recorded by Watson (this Journal, 6, 126-143) as 
present in the slacks of Braunton Burrows. 

Whilst the above list is probably incomplete it has been given in full to emphasise 
the resemblance of these slacks to those of the Lancashire dunes. This is perhaps best 
realised from the fact that ail the above species have been found by the writer in the dune 
slacks near Freshfield. 

This correspondence is the more significant in that several of the plants named are 
local or rare. J uncus acutus, which is here frequent (the writer also noted it in some 
abundance in dune slacks at Borth-y-Gest, N. Wales), is very rare on the Southport system 
and on the other hand Parnassia palustris and Pyrola rotundifolia v. maritima, which are 
both so marked a feature of the Lancashire dunes, are here absent. 

Striking featm-es of the slacks at Whitford were the depauperate ecads of several species 
of Plantago, notably P. majo?', which occurred less than an inch in height and with an 
inflorescence reduced in some examples to only two flowers. 

On the occasion of the visit to Worm’s Head the calcai’eous pasture on the adjoining 
coast was examined in detail over a small area. In one part, where the slope changed from 
a steep angle to a gentle one, several patches of very dwarf Calluna, accompanied byPcahiosu 
succisa, were noted. Soil samples taken in these patches showed that the soil here had 
been very much leached, but that the downwash of soil particles from above had caused a 
reversal of the normal carbonate gradient in the surface layers comparable to that recorded 
by the writer for the foot of a slope at Hudnall Common in Hertfordshire (cf. this Journal, 
9, p. 231). 

Carbonate content of successive samples from Calluna patch: 

Depth 0-2 ins. 0-15 per cent. CaCOg 
2-4 „ 0-15 „ 

5-8 0-05 „ 

8 - 10 ,, 0-02 

Another interesting feature observed was the presence of Qtie7'cus sessiliflora on soil 
derived from Mountain Limestone and presenting well-grown trees and not dwarf specimens 
such as occur on the Mountain Limestone near Llandudno. On examination of a sample 
taken at the foot of a Q. sessiliflora ti*ee to a depth of about eight inches it was found to 
contain from 0*09 per cent, to 0*10 per cent, of calcium carbonate, which would seem to 
indicate that the seedlings at all events are rooted in comparatively leached soil. 

R. C. McLean. ■ 

E. J. Salisbury. 

SOIE^E AT UNIVEESITY COLLEGE, LONDON 

On the invitation of the President and Council the members and guests were entertained 
at a Soiree in the Botanical Department at University College, London, on the evening of 
J an. 9th, 1925, the night before the Annual Meeting. About a hundred members and visitors 
were present and were received by the President, Prof. P. E. Weiss, at the entrance to the 
Department, whence they passed into the various Laboratories where exhibits were on view. 

In the Elementary Laboratory the Director of Kew exhibited a series of rare plants of 
widely diflerent families showing similarity of xerophytic habit. The Botanical Depart- 
ment of University Coflege, Aberystwyth, exhibited a relief map showing the distribution 
of woodland types in North Wales and JVlr D. A. Jones a series of ecological photographs 
of the same region. 




169 


Soiree at Ihiiversitjf College, London 

Prof. Stojaiio,tf of the IJiiiversity of Sofia and Mr W, B. Turrill exhil.)it«‘d a. sericss of 
plants from, the Balkans including many British species amongst which was Hd.rus 
virem from an, altitude of 2000 metres. 

Major K. W. Braid showed an interesting series of speci,mens iliusti’ating tlm Mycorrhiza 
of the Oak. 

Air photog,raphs of Canadian forests were shown by Mr Hamshaw Thomas and a beautiful 
series illustrating the vegetation of the Oxford district by Dr A. 'H. Chiircli. 

A series of life-size drawings of the root systems of woodland plants showing tiieir 
distribution in relation to various soil conditions was exhibited by Dr E. J. Salisbury. 
Dr Lilian Clarke showed photographs illustrating the colonisation of sand !»y Cmvo: amnfi'ki, 
JMj' Michael .Perkins exhibited a series of specimens and maps showing the distribution of 
the Crab parasite Smculina in the English Channel. 

Dr Brenchle-y and Mi.ss K. Warington showaid specimens of (.Hover i,liust.rating the 
stimulating effect of boron and Dr Pearsall specimens of Poltxmogeion iiiustrati,ng that 
of calcium. 

An exhibit of ^hingroves, Algae and Karroo plants was shown by Di- Delf. 

In the Advanced Laboratory I)r E. J. Collins exhibited forms of Sifene and 

Mr Biirtt Davy i‘xamples of epliarmonic convergence in the devidopmmu of the stiff ru- 
tescent habit. Prof. Boycott and Diver sho’wed culture forms, of Eiodea rndwiessis and 
Mr IL W. Butchta’ slides illustrative of periodicity in Plankton. 

A niimb(‘r of fresh spt'cimens of chalk plants showing the character of tin* root systcuns 
was shown by Miss V. E. E. Anderson, who also exhibited charts of th<* vatta* content of 
chalk-down soils ovta- an (avtcndcal [)erkKl. Specimens of various soils, their vt'getatiou 
and naict ion, wen* shown by Mr (1ia}>man. 

An exttmsivf* I'xhibit by tie* Botanical Department of Dniversity College slunved the 
developmtait and (‘stablishm(‘nt of vc‘getation on the Blakeney Far Point, tin* wiutt‘r f)hases 
of Salt Alarsli d(‘V(iopment from M kroeokiis elhonopla^^^^^ to iJbjcoria swart! and Uinone^ 
and the growth habits of various halophytes. Various states of Piatilago wort* 

shown including the ioxm\x pygmam. 

The conditions of preservation of halophytes in salt marsh soils were illustrated by a 
model and by specimens exhibited by Miss Mottram and Mr Hunter. 

In the Library Mr W. Hales sho’wed a series of xerophilous plants and liverworts from 
the Clielsea Physic Card(*n. 

Dr Woodhead by means of maps and specimens showed the r<?}ation of IMun to Vege- 
tation in the Hudderstield area and the period of peat formation in relation to Roman and 
prehistoric I'cmains, 

The spread of Spariina Ttywnsendii, its habit ami related species, were 'wel! portrayed by , 
Prof. Oliver and Prof. Maugham. 

During the evening Prof. Oliver gave a short lantern lecture on the birds of Blakcmey 
Point, and Mr Hill and Dr Huas gave a demonstration of the coiour changes in IlerciirialU 
‘perennis. 

Light refreshments were served during ■ the evening ■ by students of tlie. Department; 
to these and to Miss Anderson the brilliant success of the, evening was due in .no small 
.measure. 

This soiree w^as the first given by the Society. The members and their friends enjoyed 
themselves very much, and the hope that other similar entertainments might be givi*u in 
the future was widely expressed, 

ANNUAL MEETING ^ 

The nth Annual Me(iting was held at 10 a.m, on Saturday, January loth, in the 
Botanical Lecture Theatre at University College, London. The Pr(*sident, Prof. F. E, Weiss, 
occupied the CHiair. 

The minutes of the previous Annual Meeting were taken as read. Ilie Hon. 'rr(‘asun‘r 
then presented the accounts for the years 1923' and, 1924 {mo pp. 170, 171). He point etl out 
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OTB. A further asset is the stock of the J ournal of Ecology 
unsold and held for the Society by the Publishers^ the 
Cambridge University Press 
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HUGH BOYD WATT, 

Hon, Tff^n^no i\ 

I }iav(? oxaiiiiued the aecoiints for the years ending Decembcn* 31st, lfl23, and itecemher 31st, 11)24, and certify them to he a correct statement, 
ami that all vouchers are in accordance with receipts and payments shown thereon. 

mh January, ROBERT PAULSON. 
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that he was able to present the anclited accounts for the year just closed, a great advantage 
to the members of the Society, owing to the holding of the Annual Meeting early in the 
new 3^ear, instead of in December as heretofore. The finances of the Society were in a 
sound state, an especially encouraging feature being the large increase in receipts from the 
sale of the Jotjrnal in 1924. The cost of the Journal however constantly tends to increase, 
and, especially in view of the desirability of enlarging it, a still larger income is wanted. 
The Council are therefore recommending that the subscription price to the public be raised, 
since it is at present umeasonably low. The accounts and report were adopted. 

On the proposition of the Chairman a very hearty vote of thanks was accorded to 
Mr Paulson for auditing the Society’s Accounts and on the proposition of Mr Tansley, 
seconded by Prof. Pritch, Mr Paulson was elected auditor for the year. 

The Hon. Secretary then submitted his report for the year 1924, which was adopted. 

The Hon. Secretary’s Report FOR 1924 

Two meetings have been held during the year 1924, the annual meeting, customarily 
held in December, having been shifted to Januaiy. 

The chief field meeting was held in the Gower Peninsula with headquarters at Reynoldston 
from Sept. 1st to Sept. 6th. For the arrangements and leadership of this very successful 
excursion the Society is indebted to Prof. R. C. McLean (see Report on p. 167). 

On October 25th the annual excursion in conjunction with the British Mycological 
Society was held at Burnham Beeches under the leadership of Mr Ramsbottom. 

Two parts of the Journal (constituting vol. 12) have been issued during the past year, 
the first, consisting of 128, the second of 224, making 352 pages in all. This large second 
issue was rendered desirable in order to dispose of arrears of papers awaiting publication, 
and a special donation to the Society’s funds was made with that end in view by a donor 
who desires to remain anonymous. .The high standard which our Journal maintains at ‘a 
subscription price much lower than that of comparable Journals of similar size and character 
are featiu’es which the Society owes in no small measure to the ability and untiring efforts 
towards economic production of our Hon. Editor. The Council feel that, whilst they do not 
desire to increase the cost of membership, the price of the Jomnal to non- members must 
■now be raised. 

The number of members remains practically the same. During the past year there have 
been a rather larger number of resignations than usual, though it is satisfactory to know 
from the letters received that this is in no way due to any fault of the Society. The member- 
ship to January 1st comprises two honorary and 154 ordinary members. 

The Council’s nominees for office were then elected as follows: 

Vice-President Mr T. G. Hill. 

Mr H. B. Watt. 

Hon, Editor. Mr A. G. Tansley. 

Hon, Secretary. Dr E. J. Salisbury. - } v 

New Council Members. Professor Feitch and Dr W. H. Pearsall. 

The following recommendations of the Council respecting alterations to the Rules were 
adopted: - 

Rule 3 a. Applicants for Membership of the Society shall be proposed by one member 
(from personal knowledge) or by an Officer of the Society (without personal knowledge), 
and seconded by one or more other members. Such applications to be made on a form to 
be supplied by the Hon. Secretary, and duly filled up and signed by the applicant. 

Election shall take place either by ballot at a General Meeting or at other times by 
resolution of the Council. A majority of votes in favour shall result in the election of the 
applicant. 

That Rule 27 shall read '‘The subscription price of the Journal of Ecology to others 
than members of the Society is Twenty-eive Shillings per annum, post free.” 

On the proposition of Prof. Weiss, seconded by Mr Tansley, a unanimous resolution wms 
passed to the effect that a message of greeting from the Society be sent to Prof. Schrotor 



of Ziirich on tho occasion of his 70lh birthday. The great staa ices (»f Prof. Srh!’ot<M' in 
international work and the happy influence of his lovable personalilv \v«‘re testified to. 

T\w President then stated that the Council had suggested the <‘I<*etioTi of Prof. Seliiidei' 
as an Honorary Life ^Member of the Society. On the proposition of 3Ir Purtt iJaa y S(‘eond«'d 
by Dr Woodhead and supported by other members personally acajuaintr'd with Prof. 
Schroter, this was carried uimnimousl^’. 

The President then proposed from the Chair that the b<*st thanks of the Soeieiv be 
accorded to Prof, Oliver, Dr Salisbury, Miss Anderson and all those uho had assisted to 
make the Soii'ee of the previous evening so successful. 

The President then delivered his Address entitled '‘Plant Structure and Kiivii'oninent.'^ 
At its conclusion a hearty vote of thanks to the President was proposed by ih’of. \7ipp, 
seconded by Mr Hamshaw Thomas, and carried by acclamation. 

The first communication was from Prof. Yapp who descrif)ed tia* manner of fj-ost 
formation on leaves, illustrating his remarks with a series of beautiful photogra{)hs. 
Attention was called to the maimer in ■which hoar-frost begins to !)(> d<‘pc,)site(l at the efige 
and on prominences of the leaf and it was suggested that the tem}){‘ratiire diflVriuitiation 
indicated might be of considerable significance in the economy of tlie leaf. 

Miss Drew followed with an account of the effect of frost in producing superficial 
markings on the soil of mountains in the Lake District. Polygons coiii])aral>!«‘ with thos<‘ 
well known in Spitzbergen and other Arctic regions were fouml Also bands of stones 
consisting alternat(‘ly of huge and small units were formed parafit'l to the contours. Of 
these latter the ridges of large stones liecome coloiiistaj in a remarkably rsgular manner 
by I'estuca ovina. ■ ■ 

After lunch in the College Refeetory, Dr A. S. Watt dealt witli the Yew i-onummith^s 
on the Sussex Downs, taking the vkw that they represent not a climax comnumity hut a. 
temporary though long drawn out phase in succession towards woodland, fllie Yew seiaib 
was regarded as following deeiduous scrub and giving place to Ash-Oak and this in turn to 
Beechwood, though individual yew^s frequently persist into the climax. Mr Tansley, Mr H. 
Gilbert Carter (wdio, on the ground of the wa‘ll-knowui passage iti, Caesar’s /k- Hflio 
argued that we wau’c not justified in believing that formed woods in scuithern 

England in the first century, b.o.) and Dr Salisbury took part in tin* distai^sion which 
followed. Dr Salisbury called attention to the very eommon assoeiafi<in of ’^’'ew <‘om- 
miinities with steep sinp(‘s and suggested that the poverty of cover in riasst* situations 
rendered them relatively immnm* from brow-sing animals finelnding ra])bits) which often 
exhilnt a partiality for Yew despite its poisonous effects. To this view Dr Watt agnssl. 

IVFr Reginald Smith of the Ihitish Museum then made a statcanent with regard to a 
scheme which had been initiated on the Continent f<a' mapping tlu^ distribution r»f 
Prehistoric ]\Ian. In this connection it was also desired to map the face of the Earth from 
Tertiary times to B.c*. 0. He expressed the hope that the co-operation of tlie B.K.S. would 
be obtained in the mapping of the vegetation, and the Ps’csid ent promised that the Council 
wmuld consider the possibilities. 

Prof. Fritch then gave an account of the encrusting Algat‘ of swiftly flowing streams, 
as studied in Korth D(ivon. These consist of Cyanophyeeae, chiefly species of Phnnnldium^ 
a new- species of Oncohyrsa wdiich it W’as propos(‘d to name 0. bn'fannica, 1!h‘ Red alga, 
Hildebmndtia rirularis and a species oi Coccomis. A remarkable feature was the tota,! 
absence or (extreme I'arity of Chlorophyceae. In the discussion which foJlow'cd Mr Paulson 
drew’ attention to the frequency of certain lichens in such localities. 

The last communication w’as from Prof. Oliver wiio gave an accouifl r)f the formation 
and colonisation of Biakcney “Far Point.’’ The vegetation is diwafloped along lines which 
correspond to tlie position of buried zones of drift. The primary colonisers ar(‘ Triticnm 
jwncmim, Psamma arenaria, Aremria peplmdes and the annuals Calciie mariflfna and Sa!.^o!a 
kali. The processes of lateral spread, rise in height, and coal<*s(aaicf^ of the embrva> duia^s 
w^ere dealt with, and emphasis was laid on the importanct^ of storms in bringing about 
apid accretion and causing dense packing of the sand grains. 



LIST OF MEMBEES (10 January, 1925) 

Corrections, omissions or changes of address should be notified at once to 
the Hon. Secretary, Dr E. J. Salisbury, The Briars, Crosspath, Radlett, Herts. 

Accessions Dept. Library, Columbia University, New York. 

Adamson, Prof. R. S., M.A.; The University, Cape Town, S. Africa. 

Allan, Dr H. H. ; The Feilding Agricultural High School, Eeilding, N.Z. 

Allorge, Pierre; Laboratoire de Cryptogamie, 63, Hue de Buffon, Paris. 

Anderson, Miss V. E. L., B.Sc.; University College, London, W.C. 1. 

Andersonian Naturalists’ Society {Secretary, H. G. Gumming, Glennie, 41, Arlington 
St, Glasgow). 

Armitage, Miss B.; Dadnor, Ross, Herefordshire. 

Aston, B. C.; P.O. Box 40, Wellington, N.Z. 

Bews, Prof. J. W.; University College, Pietermaritzburg, Natal, iS. Africa. 

Birt, Miss E. ; Eirsleigli, Longton Avenue, Sydenham, S.E, 26. 

Blackman, Prof. V. H., E.R.S. ; Imperial College of Science, London, S.W 7 
Blackwell, Miss B M., M.Sc.; Royal Holloway College, Englefield Green, Surrey, 

Blatter, Bather E. ; St Xavier’s College, Bombay. 

Bloomer, H. H. ; Cottesloe, Beatherstone Rd, Streatley, Sutton Coldfield. 

Borgesen, Dr B. C. E.; Botanisk Museiyn, Gothersgade 130, Copenhagen. 

Borthwick, Dr A. W.; 22, Grosvenor Gardens, London, S.W. R 
Boycott, Prof. A. E. B.R.S. ; 17, Loom Lane, Radlett. 

Braid, Major K. W.; The Herbarium, Royal Gardens, Kew. 

Brencbley , Dr Winifred E. ; Rothamsted Experimental Station, Harpenden, Herts. 
Brennan, A. ; Technical College, Newport, Mon. 

Brierley, Dr W. B.; Rothamsted Experimental Station, Harpenden, Herts. 

Brooks, B. T,, M.A. ; Botany School, Cambridge. 

Burgess, R. W. A.; 199, Stockport Rd, Longsight, Manchester. 

Burnett, Miss J. M.; King’s High School for Girls, Warwick. 

Burtt-Davy, J.; The Herbarium, Royal Gardens, Kew. 

Calvert, Miss M. A., B.Sc.; 10, Caithness Drive, Wallasey, Cheshire. 

Garter, H. Gilbert, M.A., M.B.; Botanic Garden, Cambridge. 

Cavers, Dr B. ; 49, Hamilton Road, London, N. 5, Hon. Life Member. 

Gbipp, T. B.; Royal Gardens, Kew. 

Clarke, Dr Lilian; James Alien Girls’ School, E. Dulwich Grove, London, S.E, 22. Vice- 
President. 

Clarke, Miss H.; University College, Galway, Ireland. 

Cockayne, Dr L., B.R.S.; Ngaio, Wellington, New Zealand. 

Cole, L. W.; 348, Crookes Moor Rd, Sheffield. 

Collins, Miss M. I.; Macleay Museum, The University, Sydney, N.S.W. 

Cotton, A. D.; Royal Herbarium, Kew. 

Grow, W. B., B.Sc. ; University College, Cardiff. 

Gijoydon Natural History and Scientific Society, Public Hall, Croydon. 

Grump, W. B., M.A. ; The Lodge, Rastrick, Brighouse, Yorks. 

Gutting, E. M., M.A. ; 125, Tredegar Road, Bow, London, E. 

DarbisMre, Prof, Otto V.; Botanical Dept., University, Bristol. 

Davey, Miss A. J., M.Sc.; 2, Vronkeulog Terrace, Bangor, N. Wales. 

Delf , Dr E. M. ; Westfield College, Hampstead, London, N. W. 

Dixit, Prof. D. L.; Ferguson College, Poona. 

Doyley , J. ; Botany Dept., University College, Dublin. 

Drabble, Dr Eric; Moons Hill, Freshwater, Isle of Wight. 

Drew, Miss K. M., M.Sc.; The University, Manchester. 

Eden, T. ; Rothamsted Experimental Station, Harpenden, Herts. 

Elton, C. S. ; New College; Oxford. 

Essex Field Club, The (Essex Museum of Natural History, Romford Road, Stratford, 
Essex). 

Ewing, Dr James; The Botany Dept., The Univei’sity of Leeds. 



List of Members 175 

Farmer, Prof. J. B,, F.R.S.; Imperial College of Science, London, S.W. 7. 

Fraser, G. K., M.A., B.Sc.; Forestry I)(‘pt., Miirisehal Coljego, Ahenlcen. 

Fritch, Prof. F. E.; East London College, Mile End Road, London, E. I. 

Gibson, Miss C. M.; The Municipal College, Portsmonth. 

Gonrlay, W. B., M.A., M.B.; 7, Millington Rd, Cambridge. 

Green, Miss AL L. ; 4, Alortlake Rd, Kew, Surrey. 

Halket, Alias A. C., B.Sc.; Bedford College, Regent’s Park, London, N.W. 1. 

Hands, Airs S.; Watford Rd, Radlett, Herts. 

Hartshorn, John; School House, Ley bin’ll S.O., Yorkshire, 

Henkel, J. S.; Forest Officer, Salisbury, S. Rliodesia. 

Hill, T. G.; University College, London, W.C. 1, Vice-President, 

Holttum, R. E., ALA. ; The Botanic Gardens, Singapore. 

Howarth, A¥. 6. ; Botany Dept., University, Alanchester. 

Hume, Aliss E. Al. AI. ; 57, Doughty Street, London, A¥.C. 1. 

Hunter, C. ; Botany Dept,, LFniversity, Bristol. 

Hutchinson, J. Burtt; St John’s College, Cambridge. 

Hutchinson, R, R. ; Bank House, AA'alhngford. 

Hyde, H. H., B.A. ; Xational Alnseum, Cardiff. 

Johnson, Aliss Edith; JO, Cavendish Rd, Heaton Alersey, Alanchester. 

Johnson, Prof. J. C.; University College, Auckland, New Zealand. 

Johnstone, Aliss Alary; 43, Hill Top Avenue, Cheadle Hidme, Cheslure. 

Jones, Aliss G. Al.; The Cottage, AAT'aysbury, Wilts. 

Leach, A.; The University, Birmingham. 

Le Laoheur, Airs, Clai’c Lodge, Fitzallen Rd, Littlehampton. 

Lord, Leslie; Agricultural College, P.O. Alandakiy, Burma,, 

Macgregor, AI.; 33, G(‘orgc Square, Edinburgh. 

McLean, Prof. R. C. ; l^niversity College, Cardiff. 

Mangham, Prof. S., ALA.; University College, Southainpton. 

Marriott, St Jolm; 37, Owenite St, Abbey Wood, London, S.E. 2. 

Mason, E. W. ; 10, Manor Gardens, Richmond. 

Matthews, J. R., ALA.; J’he Botanic Gardens, Edinburgh. 

Morey, F.; AVohaM’tou, Carisbrooke Road, Newport, Isle of Wight, 

Morris, George, B.Sc.; Friends’ vSchool, vSaftron Walden, Essex. 

Murray, J. Al,, B.Sc.; 25, Drumsheugh Gardens, Edinburgh. 

Negri, Dr Giovanni; R. Istituto Botanico, Torino, Italy. 

Newman, Leslie F., M.A.; School of Agriculture, Cambridge. 

Nimmy, E. W.; 210, Wliippendell Road, Watford, Herts. 

Oldham, Charles; Tlie Bolliu, Shniblands Road, Berkhamsteii, Herts. 

Oliver, Prof. F. W., F.R.S.; University College, London, W.C. L 
Oliver, W. R. B.; Dominion Aliiseum, Wellington, New Zealand. 

Orr, AL Y.; Royal Botanic Gardens, Edinburgh. 

Osborn, Prof. T. G. B ; University of Adelaide, South Aiistralia 
Pammell, Prof. L. H. ; Iowa State College, Botany Dept. , Ames, Iowa, U.S.A. 

Patton, I). ; Botanical Dept., The University, Glasgows 
Paulson, R.; Glenroy, Cecil Park, Pinner, Aliddlesex. 

Pearsall, AV. H., I). Sc.; The Botany Dept., The University, Leeds. 

Pearson, A. A.; Glenside, Aladeira Park, Tunbridge Wells. 

Phillips, J. F. V.; Research Officer, Deepwells Forest Station, Knysna, Cape Province, 
S. x4frica, 

Powell, Aliss Doris; xAldersyde, Reigate. 

Powlett, Hon. Nigel; Bolton Hail, Leyburn S.O., Yorks. 

Praeger, Dr R. Lloyd; National Library, Kildare Street, Dublin. 

Priestley, Prof. J. ft., B.Sc.; The University, Leeds. 

Quick, B. E.; Lowell, Alichigan, U.S.A. 

Radley, L. W.; 8, Croxted Road, Bui web, London, S.E. 21. 

Rama Rao, N. S,, B.A.; National University, Adya, Aladras. 

Ramsbottom, J., AI.A.; Botanical Dept., Natural History Aluseum, London, SAY 
Rayner, Dr AL C.; University nf London Club, 21, Gower Street, AA'.C. J. 

Rees, F. Kenneth; Urn versity College, Singleton Rd, Swansea. 

Richards, 0. W.; 70, Beisize Park Gardens, Hampstead, N.AV. 3. 

Rubel, Dr E.; ZiU-ieldjergstrasse 30, Zurich, Svdtzerland, 

Ryan, G. AL ; 9, Pall Alall, S.AV. L, 

Sager, J. L., ALxV.; University College, Exeter. 



176 British Ecological Society 

Salisbury, Dr E. J.; The Briars, Crosspatli, Radlett, Herts, Eon, Secretary, 

Salmon, C. B.; Pilgrim’s Way, Beigate, SuiTey. 

Scbroter, Prof. G. ; Merkurstrasse 70, Zurich, Switzerland, Ho7i. Life Me'mhe/i\ 

Scott, Miss Mary, M.So. ; 32, Coundon Rd, Coventry. 

Sbellord, Prof. Victor E.; 506, W. Iowa Street, Urbana, Illinois, U.S.il. 

Skene, Macgregor, D. Sc. ; The University, Aberdeen. 

Smith, Dr Wilham G.; 9, Braidbiirn Crescent, Edinburgh, Eon, Life Member, 

Smith, Miss Winifred; 3, Endsleigh Gardens, London, N.W. 1. 

Stamp, Dr Dudley; Univ. Coll., Univ. of Rangoon, Burmah. 

Stapf, Dr 0., P.R.S.; Herbarium, Royal Botanic Gardens, Kew. 

Stapledon, R. G., M.A. ; University College, Aberystwyth. 

Stevenson, Miss E. H. ; The Training College, The Close, Salisbury. 

Stiles, Prof. W., M.x4. ; University College, Reading. 

Summerhayes, V. S., B.Sc. ; Orchard Cottage, Street, Somerset. 

Sutherland, G. K., M.A., D.Sc.; 110, Brackenbury Rd, Moor Park, Preston. 

Sutton, C. S., M.B., B.S. ; 685, Rathdown St, N. Carleton, Victoria, Australia. 

Tansley, A. G., E.R.S.; Grantchester, Cambridge, Eon, Editor of the Journal. 

Terrell, Miss E. M., B.Sc. ; Rood Cottage, St Helens Down, Hastings. 

Thatcher, Miss K. M.; 44, Oakheld Road, Newport, Mon. 

Thoday, Prof. D., M.A.; University College, Bangor, N. Wales. 

Thomas, Dr Ethel N.; University College, Leicester. 

Thomas, H. Hamshaw, M.A.; The Botany School, Cambridge. 

Thompson, F. W., M.A.; 149, Whitecross Rd, Hereford. 

Thompson, Miss J. G.; Kinnaird High School, Lahore, Punjab. 

Thompson, H. Stuart; 33, Southleigh Rd, Clifton, Bristol. 

Turner, J, E. C. ; Deputy Conservator of Forests, Almora, United Provinces, India. 
Vestal, Prof. A. G.; Stanford University, Palo iVlto, California, U.S.A. 

Wadham, S. M., M.A.; 24, Carlyle Road, Cambridge. 

Waller, Dr A. E.; Dept, of Botany, State University, Columbus, Ohio, U.S.A. 
Waterfall, C., F.L.S. ; Dalmeny, Shavington Road, Chester. 

Watson, W., D.Sc.; Taunton School, Taunton, Somerset. 

Watt, A. S. ; Forestry Dept., Marischal College, Aberdeen. 

Watt, Hugh Boyd; 12, Gt James St, Bedford Row, London, W.C. l, Eon. Treasurer, 
Weiss, Prof. F. E., F.R.S.; University, Manchester, Pt^esident 
Williams, J. D. ; University College, Aberystwyth. 

Williams, Prof. Lloyd; University College, Aberystwyth. 

Williams, P. H., B.vSc.; Experimental Research Station, Turner’s Hill, Cheshunt. 
Williams, S., B.Sc. ; Botany Dept., The University, Glasgow. 

Wilmott, A. J., M.A. ; Botanical Dept., Natural History Museum, London, S.W. 7. 
Woodhead, Dr T. W. ; Technical College, Huddersfield, Yorks. 

Wortham, Miss W. H. ; The High School, Kendal. 

Yapp, Prof. R. H., M.A. ; The University, Birmingham. 

Yorkshire Naturalists Union (G. A. Gheetham; Stonebridge Mills, W^'ortley, Leeds). 



Volume XIII 


SEPTEMBER, 1925 


Xo. 2 


STUDIES OF THE VEGETATION OF THE 
ENGLISH CHALK 


III. THE CHALK GRASSLANDS OF THE 
HAMPSHIRE-SUSSEX BORDER 

By a. G. TANSLEY and R. S. ADAMSON. 


(With Plates II~VI, and fifteen Figures in the Text.) 

CONTENTS. 

PAGE 


Inteodxtction . • . . • . .. ..... '177 

1 . Succession prom babe surface to grassland : 

A. Colonisation of bare chalk rock (Biiriton Linieworka et(3.) .... 180 

B. Colonisation of chalk talus and spoil surfaces (Buriton Limeworks and old 

quarries at War Down) . 18() 

2 . Chalk grassland : 

A. At Buriton Limeworks . . , . . . . , . . . 183 

B. Clialton Down and Chalton Peak . . . . . . . . .180 

C. Coulter’s Dean wasteland . . . ISO 

D. Downley grassland. The rabbit-proof enclosures . . . , . . 190 

History from 1908 to 1920 , . . 19} 

Relative weights of herbage in 1920 ........ 193 

Flowering in 1920 . . . , 194 

Soils .... . ..... . . . ■ , . . . . 1,94 

Ploristic composition . . . . . . . . . . . 190 

Quadrats . * . ... . . . . . . . 200 

Notes on the frequencies of species on the two areas an<l within, tlie eiielosures : 202 

{a) Species characteristic of chalk grassland . . , . . .202 

{})) Species not characteristic of chalk grassland .... 204 

Marginal woodland species . 200 

Depths of rooting . . . . . . . . . . . 200 

E. Effect of different slope exposures (War Do^Yn and Butser Hill) . . . 207 

P. Effect of Rabbits 211 

Windmill Hill . . , . . . . . , . . .213 

G. Grassland on deeper lion-calcareous soil overlying chalk * , . , . 218 

3. Summary . . . 220. 

4. Conclusions . . . . ‘ . .... . . . . . . 221 


INTRODUCTION 

The western end of the South DownSj in west Sussex, and just across the 
Hampshire border, nearly to the point where the chalk escarfiment turns 
northward, to form the western margin of the Weald, is very much more richly 
wooded than the central and eastern portions. This area in fact is one of the 
three larger. existing areas of semhnatnralEnglish beechwood {viz. West Sussex, 
Chilteriis and Tha'mes valley, Cotswolds), and stretches, with few interruptions, 
from Arundel and Houghton in the .Ariin valley to Buriton and Ditcham Park 
Joum. of Ecology XIII . 12 



178 


Studies of the Vegetation of the English ChalM 

due soutli of Petersfield (wliich lies in the extreme south-western corner of the 
Weald), a distance of 18 miles (c. 29 km.)^. 

Nevertheless considerable tracts of the chalk of this region are occupied 
by grassland alternating with the woods, though this grassland attains its 
greatest extent on and about the slopes of Butser Hill and War Down, where 
the London-Portsmouth road crosses the Downs, i.e. just beyond the western 
end of the woodland area referred to. Like most of the English chalk grassland 
it has been used as sheepwalk for centuries, though of recent years, especially 
since the war, there has been a tendency to replace sheep by cattle in many 
places. However the grassland may have originated there can be no doubt 
that the constant pasturing maintains it in its present condition. Rabbits 
{Oryctolagus cuniculus) are now locally very abundant (in some places indeed 
they are preserved, and even fed during the winter) and these eat the turf much 
closer than the sheep do, down to a height of less than an inch or even of a 
centimetre, and it is probable that the extreme shortness and ‘"crispness” of 
the turf which delights the walker on the Downs is largely due to rabbits. 
Where the rabbit pressure is excessive these animals may, as we shall see, 
particularly in conjunction with moles {Talpa europea), destroy the grass turf 
altogether, especially on steep slopes, laying bare the chalk soil to the effects 
of rainwash down the slope. Under such conditions considerable areas become 
naked of vegetation or are tenanted only by individuals of certain species 
which the rabbits avoid. On the other hand, where cattle have replaced sheep, ' 
and rabbits are scarce or absent, the turf is much deeper, and species are 
present which cannot survive persistent rabbit nibbling or heavy sheep 
pasturing, probably because they depend on the possibility of fairly tall growth 
for success in maintaining themselves. In many places Oalluna vulgaris 
and Erica cinerea, establishing themselves in the surface humous layers poor 
in lime, especially on the plateaux and gentler slopes, have lately increased 
considerably, apparently owing to this substitution of cattle for sheep. The 
cattle are not continuously pastured during the winter, and the heath plants 
are thus relieved of the continuous winter nibbling which is said to be specially 
destructive to them. In places which are not pastured at all tall meadow 
grasses appear on the chalk slopes with shallow soil, and with them, usually, 
the seedlings of woody species. 

It is certain that much if not the whole of the chalk grassland would pass 
into forest if pasturing and rabbit attack were altogether stopped, as has been 
shown by the experiment of fencing against rabbits^. 

1 The beechwoods of this area have recently been dealt with pretty fully by one of us (R. S. 
Adamson, “The Woodlands of Ditcham Park, Hampshire” — the first publication in this series 
of “Studies,” This Joubnal, 9, pp. 114-~219) and by Dr A. S, Watt (“On the ecology of British 
beechwoods with special reference to their regeneration,” Part I, This Journal, 11, pp. 1-48; 
Part II, Ibid. 12, pp. 145-204 and 13, pp. 27-73). 

2 Tansley, “Early Stages of redevelopment of Woody Vegetation on Chalk Grassland,” 
Studies, II, This Journal, 10, pp. 168-177. 
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Tlie area considered in this paper extends from Bui.ser Hill on tlie west to 
Downley Bottom on the east, a distance of 3 miles (1-S km.), and from the 
north facing escarpment of the Lower Chalk southward to Windmill Hill and 


Chalton Down, a distance of a little over 3 miles (sayd km.). The nri'a lies 
almo.st entirely in Hampshire, the Sus.sex boundary cros.sing its casterTi 


extremity (see Sketch-map, Pig. 1). 



Hampshire Sussex 


Fks. L Sketch-map of the region investigated. Scale 1 : OJhJhkI Enilways, romis and villagfhs 
omitted. Woods and plantations printed in red. Dtuninant trees F-~Ffifjfis 
Q -Quercu,'^ rohur, Fr- Fmximt^ excehior^ T-- Taxing hnerafa^ arahk^ land. 

(bntonr lines in If^et (lOd feet = 304 m.). ■ The numtiers 1-21 mark tin* areas deBcrilxHl in 
the paper, wliere they are referred to by eorreH ponding niunh(>rs in htsavy lypi?. 

Owing to the fact that the denudation (i.e. the wearing down) of tlie 
surface of the (‘halk takes ]>lace by the solution of the ealeiiiin cerbonato of 
wliicli it mainly consists through the action of rain-water containing carbon 

dioxide, and not by mechanical disintegration as in the citsf^ of many ''siM- 

■ ■ ' 
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ceoiis ” rocks, crags and precipitous faces of bare cbalk rock are never met with 
except on the clifis of the sea coast. The denudation proceeds slowly and con- 
tinuously beneath the carpet of vegetation with which the rounded surfaces, 
whose slopes never exceed an angle of 40°, are clothed. By an examination 
of the sides and bottoms of chalk quarries, however, some information can be 
gained as to the earlier stages of the chalk succession. 

1. SUCCESSION FROM BARE SURFACE TO GRASSLAND. 

A. Colonisation of bare chalk rook. 

Almost the only plant actually met with establishing itself on the bare 
surface of blocks of chalk, whether in situ or detached, was the moss 
Seligeria calcarea. This however we found to be abundant, for instance at the 
upper quarry at Buriton Limeworks, its embedded protonema turning grey 
the surfaces of blocks which had been exposed for some time. Fruiting 
specimens were also rather frequent. Associated with it was occasionally an 
alga {Chroolepus sp.), but no lichens were discovered here. This colonisation 
cannot be regarded as forming part of the developmental series leading to 
chalk grassland. Events would doubtless follow the same course if the alga 
and moss were absent. 

A certain number of flowering plants are able to settle among the fine 
chalk particles along the bedding planes and joints of an irregularly inclined 
quarry side which presents slopes at various angles. In such a situation we 
found at Buriton upper quarry the following : 

Crepis capillaris Liaaria minor 

Dactylis glomerata Senecio vulgaris 

Epilobium montanum Taraxacum erythrospermum 

Koeleria gracilis T. officinale 

Leontodon hispidus Thymus serpylliim 

On a roadside chalk cutting, sloping at an angle of 45°, were isolated plants 
of Echium vulgare, Festuca ovina, Senecio jacobaea and Tussilago farfam. 
Maritime cliffs would no doubt yield a greater variety of species, rooted, like 
all the above, in the joints and fissures and along the bedding planes of the 
bare chalk rock. 

As a direct result of quarrying operations, and also of the falling and 
disintegration of lumps of chalk detached from the sides of the quarries 
through rainwater penetrating along the joints and bedding planes and thus 
isolating blocks of the rock, a talus of chalk fragments of various sizes, showing 
a maximum slope of 38°-40°, frequently accumulates at the foot of the vertical 
quarry face, and these are rapidly reduced in size by solution and disinte- 
gration and give rise to a substratum easily colonised by flowering plants. 

B. Colonisation of chalk talus and spoil surfaces. 

The natural and artificial quarry talus, -which rests at an angle of 38°-40°, 
consists of angular pieces of chalk of very various sizes. The largest may be 
12 or 15 inches long, but the majority do not exceed 2. to 4 inches (5-10 cm.) 
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ill diameter, and these are mixed with small to tiny fragments among whieli 
Howeriiig plants can establish themselves. The larger iiiinps, like the surfaef‘. 
ol; the rock, may be colonised by Sdigerm mlmria, 

A series of talus slopes and spoil banks in abandoned qiniiTies at the 
western foot of War Down (1)^, near the Portsmouth road, gave an excellcnit 
series illustrating the development of vegetation on such siirhiees. x\. clear 
distinction could be drawn between the colonists of fairly coarse talus and 
those of the slopes consisting of finer' particles. On the former Senedojifcobaeu 
and Echitmi vulgare were predominant, on the latter Ttmihgo farfam and 
Feduca oi'iria. 

The following lists are taken from three slopes of the fine spoil banks 
in these quarries : 

Table! 

(l) is a S.-faeinp; with about' (iO jx?!* cent, of bare ciialk' “boII.” Festum ovma is the 
Qohn\j)i,t, \\[\h Cuix-x Jfaeca next; 

{'2) the X.-faeinij; slopt' of the same bank witii about 40 per of tlu? surfjH'c* hare. Here 
are predominant; 

(a) the S.*fa<‘iiie' .slope of another bank in a more a,dvi»ue(‘»l staee with radv abtait 10 por cent. 


of bare surface. Fcsifini oimm and Carex^ Jlacea are ecj-dnmiujmt .'Uid Frhhnn is 

prominent. 
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Ant hoxanthuiu odijratum. 

f. 

r. 

f. 

PI int.cio ianeeolata 


— 

0.' 

A r I'll euat 1 1 e r u in e 1 n t i u B 

— 

0.1. 

— 

JianiUH iihiH bulboHUs 



i 

Ah peril } < i ey i la n e hiea 

o. 

— 

o. 

lloHa eanma 



r. 

A vena pratensis 

o. 

0. 

0. 

Senctao )aeo!)<iea 


0. 

o. 

B<‘}Us perennis 

— 

■ — . 

o. 

Sonehus oleraeeuH 

0. 



Chnipanuia rotundifoiia 


— 

0. 

Ta ra x ac u in t' ry t li rospermu in 

o. 



(t'lrex earyuphviiea 


, — 

1 

T. offieinale 

f. 

f. 

0. 

(A liaeea 

la. 

1. 

e.d. 

Thymus serpvilum 

1 

la. 


Carlina vulgaris 

■f. 

0. 

0. 

Tussilago fadara 

111. 

a. Id. 


Oii'Hiuni acauie 

Cl pa hi. sire 

Cdeinatis vitalba 

If. 

o. 

r. 

o. 

v.a. 

MO.SSES 

Ihirbnla rigidiila* 



(>. 

( ’ynoglosBuin oOieinale 



I*. 

' 

Braehytheciurn ])unnn 

f. 

— 

La. 

J JaetyliH glome rat a 

o. 

1. 

1. 

Caiiiptntheeium iuteseeiiB* 


v.a. 

Eehium vulgare 

I.f. 

0. 



Pissidetm taxib >lios 

“ 

— 

l.a.. 

El i ] )h rani a ne mo rosa 




liypnum chryHopliylium’*' 

o. 

li 


Fe.stuea ovina 

v.a. 

v.a. 

c.d. 

H. euspidatuiu 

i , 

0. ■ 

l.a 

0. 

Gentiana aniarella 

t.a. 



H. moihiseum* 

f. 

llieraciuni pilosidla 

f. 

o. 

o. 

Neekera coinplanata 

o. 


— 

Lcontodon ii i.sjiii lus 

Lin uni catharticum 

0 

o. 


N. crispa* 



L 

1 

f. ; 

0.— f. 

Thuidinm abietinum 

*— 

— 

a. 

Lotus cornieulatUH 

a. 

f. 

i 

Total number of speeies 

27 

,23 

3-3; 


* Given by 'Wa:teon as “calcieole” siJCHdes. 


If these lists are compared,; it is seen that CgnoglossNni. offiai}tah% FoncJais 
nleraccfts and Tumlugo farfam (plants of “waste places*' jind open soil 
generally) occur only in the les>s -advanced stages (1) and (2), while (5), where 
tht‘. vegetal KOI is nearly closed, has several more Hpc‘cics (dia,rac*teristic of 
chalk grasslaml and not fmind in the other two lists. But some of tie* eoloni- 
sation is (clearly a matter of chance. Of the mosses three out of the four 

^ The tiliim'H in henvy ty|M.‘ throughout the pajH-’r refer to the {ociiliticH, correspondingly 
numbered on the Bkei.oh-niap (Fig. I, p. 170)-, 'in whioh the various stiulied were made. 
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occurring in (1), and four out of the eigkt occuring in (3) are given by Watson 
as ‘"calcicole” species^. Bmchytheoium purum, an abundant and constant moss 
of chalk grassland, though not a “calcicole/’ becomes locally abundant in (3), 
together with Fissidens taxifolius and Thuidium abietinum, which are also 
species ‘indifferent” as regards lime in the habitat, according to Watson. 
The lists clearly represent stages in the short subsere leading back to chalk 


grassland. 

Water-loss 

Loss on 
ignition 







Soils of (1) 

Top inch 

of air-dry 

(mainly 

Total 






soil at 
100^^ C. 

organic 

matter) 

carbonates 
(as CaOOg) 

CaO 

MgO 

K^O 

Insol. 

residue 

pH 

(1) Festuca ovina 
freshly colonised 

(2) Greyer soil under 

M 

3-03 

, 90-5 

49-26 

0-22 

0-08 

5-3 

8-0? 

older fescue tufts 

1-5 

5-18 

SC-1 

49*7 

0-29 

0-09 

5*2 

8-0? 


The sides and bottom of the upper quarry above Buriton at Buritoii 
Limeworks (2), which is still worked but is largely occupied by vege-^ation on 
the faces not actually being quarried, present a much larger and more varied 
list of species. This is doubtless because this quarry is much closer to both 
arable land and woodland than is the case with the old War Down quarries, 
which are surrounded by great stretches of chalk grassland. Seeds and fruits 
are no doubt also constantly brought in by the traiBEic to the quarry. 

The following plants were found among the chalk talus on the sides of 
the quarry: 

Agrostis alba 
Acer pseudoplatanus 
Clematis vitalba 
Crataegus monogyiia 
Epilobium aiigustifolium 
Galeopsis ladamim 
Origanum vulgare 
Pastinaca sativa 
Plantago lanceolata 
Poa annua (on fine talus) 

All but four of these 19 species were also present on the floor of the quarry 
(see list below). 

On one part of the floor of the quarry was a horizontal stretch of bare 
chalk whose surface had apparently been cemented by partial solution and 
drying, and was cracking in places. This surface was rather more than half 
covered with vegetation of sorts, but the great bulk of it consisted solely of 
the protonema of Seligeria calcarea^. Perhaps 10 per cent, of the surface was 
occupied by the following mosses : 

Barbula oylindrica,*^ a. Camptothecium lutescens* r. Lophozia turbinata* La. 

B. unguiculata o. BiGranella varia La. Seligeria calcarea* f. 

Bryum argenteum f. Punaria hygrometiica 1. (fruiting on chalk lumps) 

Calcicole according to Watson. 

The flowering plants, which probably did not occupy 1 per cent, of the 
whole surface, were the following: 

^ W. Watson. ‘'The Bryophytes and Lichens of Calcareous Soil.” This Jouenal, 6 , pp. 


Reseda luteola 
Rubus rusticanus 
Salix caprea 
Senecio jacobaea 
Solanum dulcamara 
Sonchus arvensis 
Sorbus aria 
Tussilago farfara 
Verbascum nigrum 
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Acer |xseiido])!ataiias (one 

— 

Eiiplirasia neinorosa 

O- 

Poa aanya 

a. 

seedliri^n;} 


Festiiea ovina 

0.— f. 

Poleriiusi Manu'iiisorba. 

r. 

Agrosti.s alba (ereepiiiix and 


F. rigida 

o. 

Prunella, viilga,riH 

o. 

roetin.'j; a.t tiu' nodes— 


Fragaria vesca 

r. 

RauHiniilin! repf-ns 

o. 

.s|)rea<iii};i) 

i 

Gaieopsis ladaiuim 

r. 

Iteseda In! cola 

o. 

Aathoxaiitiiuin- <j(i<.»ratuiii 

:r. 

Galium veriim 

f. 

Riiiiiex aetdosella 


A re aa, r ia so r p y 11 i i ol ia 

o. 

Hieraciura pilosella 

0. 

R. erispijs 

i. 

Aveua ])ra.tensis 

o. 

Hoicus lanatiis 

0. 

iSii'iina procufiibeiH 

Cl. 

Cainpaimla, rotuadifoiia 

r. 

Leontodon autumnalis (con 

1. 

Salix eapreii (one st‘edlliig) 



Cardans iiutxans 

r. 

fined to tufts of Agrostis alba) 

8eiio('io jaeobatM 

if. 

Carex ilacca 

0. 

L. hispidus 

o. 

S. viilgai'is 

.f. 

Ce.iitaiirea nigra 

o. 

Linaria minor 

f. 

Sisymbrium aliiarla 

.r. 

Cerastiiim vnigatiim 

o. 

Linum cathartieum 

o. 

Sum* bus asper 

o. 

Cirsiiim acaale 

r. 

Lotus eorniculatus 

r. 

Taraxacu 111 cry tlirospcrinum 

o. 

U. laneeoiatiim 

r. 

Matricaria inodora (many 

o. 

Thymus sei’p} Hum 

1. 

Clcnaitis c:ita.iba 

r. 

seedlings) 


Trifolium pratimsc 

r. 

Crepis capiilaris 

If. 

Medicago lupulina 

o. 

T. re pens 

.r. 

Cuoubaius beliea (Sileiie 

r. 

M'yosotis arcensis 

0. 

TTis.silago farfa-ra 

.i.f. 

inflat a) 


Origanum viilgare 

!. 

Urtit:a dioiea 

r. 

Dactyiis glunierata 

0. 

Pastinaea sativa 

f. 

Verbastiiin nigrum 

0.' 

Epilobiiun angustifoHiim 

i. 

Plantago ianceolata 

0. 

Veronie.a arvensis 

r. 

E. monianiun’ 

0. 

P. major 

0. — ^f. 

V. Hcrpyilifulia 

r. 


A remarkable occurrence on pure elialk. 


This miscellaneous assortment of OO species is to he accounted for by tlie 
proxiiriity of the area to woodland and arable land as well as to chalk grass- 
landj and by the fact that the surface is soniewiiat tra in pltM.!, whicli wa>uld 
probably help to bring in W'eeds, The mixed '■'community*’ clearly dues nut 
stand ill a iioriiial line of succession, but is of interest as showing the large 
number of varied species which can colonise such a habitat. 

2. CHALK GRASSLAND* 

A. At Buriton Limrworks* 

The small area of chalk grassland existing round Buriton Limeworks (2) 
is of interest because it appears to represent '‘primitive’’ clialk grassland^ 
i.e. grassland witli characteristic associated herbs developed on a shallow’' 
chalk soil and practically unaffected by pasturing or rabbit attack, mure 
nearly than any other area in the region dealt with^. It is impossible to say 
exactly how old the vegetation of this particular area of chalk grassland is. 
The area, whose surface is somewhat irregular, was probably bared at some 
stage in the development of the quarries, but unlike the quarry still being 
wx)rked, from tvhich lists were given in Section 1, it has been completely 
colonised by the grassland community, which now forms a closed turf, except 
on the soutli-faeing slope of a hillock where the soil is shallo'west and driest 
(see (a) below'), and even here the turf is practically closed. Thus it represents 
a later stage of development than the spoil slopes of the quarry at the foot 
of War Down dealt with in Section 1, though still an early stage. 

Three small patches, each of about 2 square metres, and in close proximity, 
are compared. They show progressive, increase in height and ileiisity of vege- 
tation, with an increasing number of. species, correlated with int;reasing waiter^ 
humus, and nitrate content, and . slightly decreasing carbonate content of 
the soil. 

^ (Ja uiia viait a iittk ioeal mbbit ciung was foimd mi tiie area.. 
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Table II. Yegetation and soils of three small areas of frimitine^^ 
chalk grassland in close proximity. 

(а) Turf scarcely continuous. Herbage -|-1 inch (1-25-2 -5 cm.) in height. Slope to S.S.W. 
18°-20°. Soil 2^-3 inches (6-25-7-5 cm.) in depth to chalk in situ, grey, very dry and powdery, 
included in a mass of fine rootlets. 

(б) Turf more continuous- Herbage 4 inches (10 cm.) in height. Veiy slight slope to south. 
Soil 4 inches (10 cm.) in depth to chalk in situ, grey-brown. 

(c) Close herbage 5 inches (12-5 cm.) in height. Bottom between two hummocks. aSW 4 inches 
(10 cm.) to chalk in sit'd, brown. 


AVater AVater 
loss of loss of 
fresh soil dry soil 
Soil on air soil at 

samples drying 100'" 0. 

Loss on 
ignition 

Total 

carbon- 

ates 

Nitrates 

as 

NaNOa 

P 2 O 5 K 2 O MgO 

CaO 

Insol. 

residue 

•'‘Lime 

reqixire- 

ment” 

{a) D 8 17-0 3-0 

6-2 

71-1 

•0048 

•160 -327 -201 

54-6 

14-6 

Nil 

{b) D 9 27-0 4-0 

19-7 

65-9 

•0037 

•164 -640 -183 

32-1 


5-6 

Nil 

(c) DiO 33-8 4-6 

28-6 

62-8 

•0500 

•170 -301 -062 

36*25 

22-0 

Nil 

Agrostis alba 

(a) 

(i) 

f. 

(0) 

a. 

Plantago lanceolata 


(a) 

r. 

(b) 

0. 

(c) 

f. 

Asperula cynanchica 

t 

a. 

1 

Primula veris 


— 

— 

r. 

Avena pratensis 

r. 

— 

0. 

Itanunculus bulbosus 


0 . 

0. 

0. 

Beilis pereiinis 

, — 

0. 

— 

Taraxacum erythrosperiiium 

0 . 

— 

— 

Briza niedia 

0. 

0. 

0. 

Thymus serpyllum 


f. 

a. 

f. 

Campanula rotundifolia 

0. 

f. 

0. 

Triiolium pratense 


0 . 

f. 

f. — a. 

Centaurea nigra 

r. 

f. 

0. 

T. repens 


— 

0 . 

0 . 

Cynosurus cristatus 

— 

f. 

a. 

Trisetum flavescens 


0 . 

a. 

a. 

liactylis glomerata 
Euphrasia nemorosa 

— 

— 

f.— La 

0. 

Barbula cyHndrica* 


a. 

f. 

— 

Eestuca ovina 

d. 

v.a. 

a. 

B. unguiculata 


0 . 

— 

— 

Galium verum 



f. 

0. 

Brachytheciuin purum 


■ — 

0 . 

f. 

Hieracium pilosella 

f.la 

. a. 

f 

B. mtabulum 


— 

— 

0 . 

Holcus lanatiis 





f. 

Bryiim capillare 


0 . 

— 

— 

Leontodon hispidus 

f. 

f. 

f. 

Camptothecium lutescens* 

f. 

— 

0 . 

Linum catharticum 

0, 



0. 

Fissidens taxiioliiis 


0 . 

0 . 

— 

Lolium pefenne 



0. 


Hypnum cuspidatum 


— 

— 

0 . 

Lotus corniculatus 

f. 

a. 

f. 

H. molluscum* 


0 . 

f. 

— 

Medicago lupulina 

f. 

a. 

f. 

Mnium undulatum 


— 

— 

0 . 

Origanum vulgare 





r. 

Thuidium abietinum 


a. 

0 . 

— 

Phleum pratense 
var. nodosum 

f. 

_ 


T. tamariscinum 

Total 

25 

25 

0 . 

31 


A comparison of tlie tbree soils shows a steady increase from (a) to (c) in 
water content and in humus and a decrease in total carbonates and in calcium. 
The nitrate determinations, made some four months after the samples were 
collected, are probably rather an index of the abundance of nitrifying or 
nitrogen fixing organisms in (c) than a trustworthy measure of the amount of 
nitrates in the soil as it exists in the field. 

The characteristic feature of the vegetation of {a) is its extreme dwarfing, 
due no doubt primarily to drought. The shallow rooting Festuca ovina k 
markedly dominant, forming more than half of the whole herbage. The other 
grasses are few (four species) and not abundant. The rest of the vegetation 
is made up of a small selection of the common herbs of dry grassland, of which 
Hieraciuni pilosella, Leontodon hispidus, Lotus corniculatuSyFhymus serpyllum 
and Asperula cynancliica were most conspicuous. Of these the last named is 
the only one which is practically confined to chalk and other limestones in 
this country. The only two species found on this area and not on (6) or (c) 
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are T cwaxaoum erythrospermum mA Plileum Iiotli plaiiis 

of markedly dry soils. Of 'the seven, mosses four are distinctly xei‘o|iliiioiis 
forms, and three are marked by Watson as calcicole^. 

Comparing (&) and (c) with (a) there is an increase in tln^ iHiinher of 
species of grass from 5 to 6 and 8 respectively, and in (c) a great iiK'ivasts in 
the bulk of grass herbage. This is to be ■ correlated with the great increase 
in water content and the much greater nitrifying power of the soil of {tj. 
Agrostis alba, Oynosums cristatus, Dadylis gUmerutiU IjPuuh gereune and 
Holms lanaius appear, Trisetimi Jlmescens in almndanee, while 

Festuca ovina progressively decreases, though it still remains ainindant. Of 
the herbs Trifolmm repem appears, T. pratense and Fhuilagu lahceolufa inereastf 
in abundance, *while some species, such as Asperula vyiuotvInviL Ctunpanala 
rotmidifoKa, Hieraeium pUosella, Lotus cormcidutni^ and ThyomH ^^erpylhoa 
show" their maximum frequency in (&), perhaps owing to tin* eoni]H.ditiun of 
the taller grasses in (c), Euphrasia nenwrosa, Origan atu ralgarc and Fruiuda 
veris appear for the first time in (c). 

Of the mosses, Barhiila cylindrim, B. ungairalaiit and Hryam rapilhnr 
decrease and disappear with complete elosur<i and incnaising ilnjah of tin* 
turf; BraeJiylheekiiih purum, one of the most ubi<]nitous of elialk gra,s.Nlaud 
mosses, though not a ''calcicoie” species, appears in (h) and increases in (f*); 
while B. ruiabuluui, Mniuni- iindulaluub and Thaidiunt iaiHarlsvunnH first 
appear in the damper conditions of (c). 

The following is a general list of species from the ..Buriton Limeworks chalk 
grassland.. The arable and w'ayside.weeds, woodedge and dry haidc herbs, wliich 
have invaded this g,rassland area, but are never more tluin riwq aji* in italics: 


AeJiiliea laillefoiium 

0. 

Agrowtia alba 

0. 

Ant h< >xai! tiiiun ndoratiim 

1 

A,spc' n i b i cvi nil le h iea 

i 

Avena prat«*riHis 

t 

Beilis perennifci 

0. 

Briza ni<*dia 

f. 

Canipaim la m i if ol ia 

f. 

Carex ilacea 

a. 

Cariina viilgariw 

0. 

C!entaurea nigra 

0. 

Ce rawtiu in vu Igat uni 

r. 

Cimiiiin aeauie 

i— la 

6*. art'cnse 

r. 

Cluiopodi uiii ('idgare 

r. 

Cn'piH vireiiK 

r. ■ ' 

CyiioriuruH crLsliituB 

i— a. 

Daetylis gionierata 

• n. 

Eujihrasia brevipiia 

0. ■ 

K. nriHuroBa 

f. 

rVstiKai <jvina 

v.a. 

Oaiiuin ercetuin 

1 

(,/. mol hi go 

, r. 

G. vcriini 

a. 

Gentiana luiiareila 

0. 

licnuieam sphoidyUtmi 

r. 

1 W, Watson. 

'“The ,Bi 


Hieraeium piiosella 

l.a. 

HoIcub lanatUB 

I.a. 

Koeieria gracilis (eriBiata) 

o. 

Leontodoii aiitumnaiis 

o. 

L. iiispiduB 

t 

Liniim eatharticum 

1 

LoHuni perenne 

r. 

Lotus cornieuiatus 

. a. 

Malricarki inodora 

r. 

Medieago lupiiHna 

a, . . 

Orchis pyraniidaiia 

r. 

Orlgmmm milgare 

r. 

Pastinma mtiva 

r. 

Piileum pratense mr. 
nodosum 

i.f. 

Pimpinella saxif raga 

, ' o. 

Plantago lanceolata 

0. 

F. metiia 

f. ■ 

PoPmiiUu mmrma 

, r. 

P. repkms 

r. 

Potoriuni sanguisorba ■ . 

.d. 

, 'Primula veris ■' 

' r. .. 

■ Prunella vulgaris y . : 

, , O. ' 

.Ranunculus bulboEUs 

, ' 0. 

B'ume^ erispm 

r. 

E* vUmifoUm 

'r. 

iphy tes and' ; lichens ' of Calcareous , 


♦Si'abiuBa folnnihairia !.il 

SoiM‘c‘io jarolnw'a, o. 

Tara\a<.*y m t* ry t h ruBpuramm ij. 

w‘r|» 3 .iliim a, ■ 

Trifulium a, 

T, rcpens r.— o. 

Tiis(‘iuin fkivoHceiiB a. 

I'ussila.ijn farfara. r. 

VrUm liioim i\ ' 

P^ertmscHm nlgrt4M r, 

r. fhtipHnM . r. 

VtrQmmurmmm r. 

V. cliamatHir}'o L 

\Voor»y Vhxma 

(ilematiM vitaiba r, 

ComtsB r. 

Cratacyiw ' o* , 

yuiTcuH ri>iiur r. 

liosa ainiiia. 

I'L iniia’antlia r. . 

H. rybigiimsa p. 

Hiibws em’HiiiH r. . 

ii. roBtii'aiuw r. 


iuU. *" ’r liiai J n r ii A I 6, I II ,1. 8. 
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Bryophytes 

irbiiia cylindrica* o.l 

fallax o. 

rubella r. 

unguiculata o. 

:acliytbeciiim purum f. 

rutabuliim o. 

:yum capillare o. 

.mptotbecium lutescens* a. 

B. Chalton Down and Chalton Peak. 

Two areas (3 and 4) of an acre or so on the former, and one on the latter (5), 
were listed (Table III, first three columns). The three are comparable examples 
of fairly typical and uniform chalk grassland. They are all situated on the 
same chalk ridge, and have an eastern exposure and a moderate to fairly steep 
slope (24°'-32°— the steepest local slope measured was 35°). They were all 
pastured by sheep, but not heavily, and there was no noticeable rabbit 
pressure. The general height of the herbage in (3) and (5) was 2-3 inches 
(5“7*5 cm.). The depth of the soil was fairly uniform in the southern area (3), 
averaging 4 inches to the layer of large chalk lumps, with soil between, which 
extended downwards for another 4 inches to the fissured upper surface of 
the rock. In the northern area (4) of Chalton Down, towards the bottom of 
the slope, at 17°, 10 inches of brown loam were present before any considerable 
chalk lumps occurred. Chemical analysis gave the following results : 


Depth of sample 

Water loss 
of air dry 
soil at 
100 “ 0 . 

Loss on 
ignition 

Total 
carbon- 
ates (as 
OaOos) 

Nitrates 

(as 

NaNOs) 

P 2 O 5 

K 2 O 

MgO 

CaO 

IllBOl. 

residue 

“Lime 

require- 

ment” 

pll 

3. Top inch (slope24°) 
l"-4" (slope 24°) 

10-1 

24-35 

1-8 

•0086 

•287 

•204 

•197 

•41 

36-5 

•09 

5*45 

17-46 

28-6 

— 

— 

•180 

•165 

17 4 

29-0 


4. (slope 17°) 

4-0 

11-56 

30-2 

— 

— 

•116 

•46 

18-0 

29-8 



showing the characteristic poverty in lime of the surface layer of typical 
chalk grassland soil. 

The southern part of Chalton Down ( 3 ) is dotted with single bushes and 
clumps of Juniperus communis (PI, II, Fig. 1), ranging from 3 feet (nearly 
1 metre) to 10 feet (3 m.) in height^ and seedling junipers are scattered in 
the grassland. But these do not affect the intervening herbage. The northern 
part (4) has fewer junipers and is less pastured, so that the grasses grow 
more luxuriantly. Chalton Peak (5) is similar but closer to continuous areas of 
woodland. In all three areas Festuca ovina is the most abundant grass, but in 
none does it form quite half the bulk of the herbage. The lists given below were 
obtained by repeated careful traverses of the areas in all directions, and the usual 
frequency letters are appended. As a check on the subjective estimates of 
frequencies, the species present in 50 quadrats of one square foot (about 9*3 
square decimeters) all taken at random in the southern Chalton Down area 
1 There appear to be two distinct (? hereditary) growth forms oi Juniperus communis: one 
is low growing and often flat- topped, the other has a strict pyramidal habit recaUiag Gupressus 
sempervirens var. pyramidalis, or the “Irish Yew.” These are not “habitat forms” since they 
often grow side by side. 


Bissidens adiantoides 

0. 

B. taxifolius 

0. 

Hyiocomium splendens 

f.— La. 

H. squarrosum 

o.~l.f 

Hypnum ciipressiforme 
var. resupinatum 

0.— f. 

H. cuspidatum 

0. 

H. molluseum* 

a. 

Mnium nndulatum 

r. 

Neckera crispa* 

La. 


SeHgeria calcarea (chalk 
lumps only)* 
Tliuidium abietinum 
T. tamarascinum 
Webera carnea 

Lophocolea bidentata 
Lop'liozia turbinata* 
Pellia calycina 


* Calcicole species. 
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Phot, 2. Detail of phot. i. Base of juniper bush at back, Se\eral plants of /,LP;//Oi/a;/ /iis/jhfi/x 
in fruit (pappus). Galium veritm in centre. Other plants visihk* iiiclufle IGsluca Canw 

ffacca, Cirsium acaule, Poteriuni sangtmmim^ Scabiosa coiumlhiria ainl arvcnsis^ Spiranthes 
autumnalis. 
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were noted. There was an average occurrence of between Hi iuid 17 species 
on each square foot sampled. 'The numbers so obtained were doubled so as to 
express percentage frequencies on the sampled area. These are given in llie 
first column (3) following the frequency letters. The result sliows that tiu; 
correspondence is far from exact. The specie.s noted as " abundant ’ 
occurred in 34 to 100 per cent, of the 1-foot qiiadrat.s, fill but one 
occurred in over 55 per cent, and all but two in over 75 pei' cent. The mean 
percentage occurrence of the “abundant” species is 81. At tlie other extreme 



Fig 2. Chiiltun i’euk (5), profile of iierbage and soil, August, l‘JM, sniinAvliut diii,.ir;'uou!{itic. 
tSoil 0-7 eiu. lirinly held by roots of Feshiea orinu, An tin pru/eibsev uud pHfn Illfraeifun 
plloseUa, LlniDii calkartimm^ Leoniodon hi&pklus, Itfmum'HluH Pianttfiju kuy'mhila 

and most, of the root systems of Ottrex Jlami; 7-15 cm. soil with small fragments of chalk- 
up to 1 cm. iu lUametev lightly held hy root systems of A>sp<xi!la Thpmui^ ,^cf- 

p>/Unn>, TrljoliuHt pfiUense imiimim Curex jlacm; 1.5-25 cm. loo.se .soil with rout.stjf }\4(rinm 
sangalsurha, Cirdimi amnh and some Lotus cornieithihiSf and numerous iumfts of chalk 
(with a very few Hints) increasing in size downwards and passing to fissured elialk iu slid 
with soil in the fissures into wdiicli the longest roots pass. 

none of tlie ‘"rare” species ocenrred in any of the sample quadrats. These 
are the most sati>sfactory , correspo,ndences. , The percent agi? range of tlu^ 
occasional ” specie.s is 0-24,, and the mean occurrence 7*H per cent., if we 
omit Limwi caihartlcum which is .marked as ‘‘occasional’* though it ocmirs in 
82 per cent, of the quadrats... This species is decidedly inconspicuous when 
not ill flower aiu,l there can be .no doubt that it was extensively overiookiul 
ill the traverses and should have been marked as “ abundant.*’ The fi‘t‘quent ” 
species range from 2 to 88 per .cent, with' a mean of 28. quantitative 

checks of this kind are ne.eded ■ after the . subjective estimations have, been 
made with all possible care, 
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Table III. Ohalton Down and Ghalton Peak. 

Tlie first three coliiinns (3-5) represent three typical areas of chalk grassland, moderately 
pastured. The fourth column (6) represents an area on the same aspect of the same ridge as 
the other three, but only recently cleared of woodland. It shows a colonising vegetation in which 
grasses are much less conspicuous, and dicotyledonous herbs play the most prominent part. The 


names of species occurring here but not in 3-5 
3 4 5 6 



Ghalton 
Down, S. 


Ghalton 

Down, 

Chaltcn 

Peak 

‘ HerblancV 

3eras anthropophora 

r. 


— 

— 

— 

shillea millefolium 

f. 

8 

a. 

1. 

f. 

p’imonia eupatoriiim 

r. 


0. 

— 

0. 

grostis tenuis and alba 

La. 

4 

0. 

1. 

f. 

athoxanthiim odorafcum 

f. 

4 

La. 

0. 

0. 

iithyllis vulneraria 

La. 

2 

— 

La. 

— 

uenaria serpyllifolia] 

— 


— 

, — 

1. 

.. trinervia] 

— 


. — 

— 

r. 

iThenatherum elatius 



1. 

— 

— 

ijpemla cynanchica 

f. 

88 

f. 

a. 

f. 

srena pratensis 

La. 

84 

a. 

a. 

— 

pubescens 

l.a. 

T4 

La. 

f. 

— 

3His perennis 

0. 

6 

— 

0. 

— 

?achypodium silvaticura 

— 


— 

r.L 

r. 

iza media 

f. 

42 

f. 

a. 

— 

3omus erectus 

1, 


1. 

— 

— 

impanula glomerata 

0. 


— 

— 

— 

rptundifoiia 

f. — a. 

32 

a. 

0. 

f. 

trex caryophyllea (praecox) 

0. 

22 

— 


— 

fiacca (glauca) 

a. 

92 

a. 

a. 

— 

a’lina vmgaris 

0. 

2 

— 

0. 

— 

intaurea nigra 

1. 


0. 

1. 

0. 

a*astium vulgatum 

1. 


— 

— 

1. 

I’sium acaule 

f. — a. 

98 

f. 

a. 

r. 

lanceolatum 

r. 


— 

— 

r. 

. palustre] 



— 

— 

0, 

inopodium vulgare 

1. 


r. 

1. 

a. — v.a. 

■rnus sanguinea 

0. 


0. 

— 

— 

ataegus monogyna 

0. 

2 

0. 

0. 

— 

epis yirens 

1. 

0. 

— 

0. 

moglossum officinale 

1. 


— 

1. 

— 

ictylis glomerata 

1. 


f. 

1. 

0. 

lucus carota 

0, 

4 

— 

— 

— 

)ilobium angustifolium 

1. 


— 

— 

— 

iphrasia brevipila 

0. 

2 



— 

nemorosa 

0. 

0. 

0. 

Lf. 

iStuca ovina 

v.a. 

98 

a. 

s.d,. 

f.— a. 

rubra 

— 


— 

La. 

— 

agaria vesca 

1. 


. — 

— 

Lf. 

axinus excelsior 

0. 



r. 

r. 

dium cruciata 

— 


— 

1. 

1. 

erectum 

1. 


0. 

1. 

La. 

mollugo 

r. 

34 

— 

— 

1. 

verum 

a 

La. 

a. 

f.—La. 

siitiana amarella 

0. 


0. 

0. 



raniwm rohertianum 



— 

— 



ilianthemum vulgare 

— 


1. 

1. 

La. 

eracium pilosella 

La. 

94 

— 

f. 

— 

ppocrepis comosa 

— 


1. 

— 

— 

)lcus lanatus 



l.a. 

L 

a. 

iypericum perforatum] 

— „ 


— 

— 

La. 

niperus communis (and 
seedlings) 

f. 

16 

,• — 

— 


oeleiia gracilis 

f. 

,2'/ 

0. 

f. 


iontodon autumnalis 

0. 

22 

0. 


0. 

hispidus 

a. 

100 

;,a, : 

a. 

0. 

iucanthemum vulgare 

0. 

8 

0. 


0. 

num catharticum 

o.(a)' 

■ 82 

' 

f. 


>tus corniculatus 

a. 

98 

: a..' ■■ 

<!l«p 



3dicago lupulma 

f. 

4 

a. 

0. 

0. 

See 


are enclosed in brackets. 

3 4 5 6 



M ercurialis fcrennis 
Myosotis arvensis 

Lr. 

1. 


~ 

— 

0, 

Ononis repens 

Lf. 

2 

l.a. 

o.L 


Orchis maculata 

— 


— 

0. 


0. pyramidalis 

0. 


— 



Origanum vulgare 

1. 


— 




Papaver rhoeas 

r. 


— 

- 


Pastinaca sativa 

— 


r. 



La. 

Phleiim pratense 

Lf. 

2 

— 




Pimpinella saxifraga 

f. 

20 

f. 

0. 

0. 

Plantago lanceolata 

a. 

78 

f. 

f. 

f 

P. media 

0. 

6 

f. 

f. 

0. 

Polygala vulgaris 

0. 

4 

— 

0. 


Polygonum convolvulus 

r. 


— 





Potentilla reptans 

— 


0. 



.. 

Poterium sanguisorba a. 

: — ^l.v.a. 56 

a. 

a.— Ld. 

v.a. 

Primula veris 

1. 

2 





Prmiella vulgaris 

0. 

16 





f. 

r. 

Prunus spinosa 

0. 


r 



Itanunculus bulbosus 

0. 

24 

— 

f. 


P. repens 

r. 


— 



0. 

Rhanmus catharticus 

0. 


r. 

r. 


Rosa canina (agg.) 

0. 







R. micrantha 

0. 


r. 




R. riibiginosa 

0. 




r. 



Scabiosa arvensis 

0. 


0. 



S. columbaria 

f. 

78 

Lf. 

f. 

0. 

S. succisa 

0. 

2 





Seiiecio jacobaea 

r. 


r. 



0. 

8. vulgaris 

r. 


r. 




Sonchus asper 

r. 






■ 

Spii'anthes autumnalis 

0. 

2 



r. 



Stellaria media 

r. 








Taraxacum erythrospermuin 

. 0. 

8 

— 

r. 



T. oflicinale 

0. 

6 



r. 


Thymus serpyllurn 

a. 

82 

La. 

f. 

L 

Trifolium pratense ; 

f.—La. 

14 

f.— a. 

a. 

0. 

T. repens 

— 


— 

0. 

— 

Trisetum flavescens 

f. 

10 

a. — v.a. 

1. 

f. 

[Veronica chamaedrys] 

— 


— 

— 

f. 

Vicia cracca 

, — 


, — . 

0. 


Viola hirta 

1. 


__ 


0. 

Mosses 

[Brachythecium glareosum] 

__ 





0. 

B. pui’um 

a. 

90 

f. — a. 

a. 

f. 

Camptothecium lutescens^ 

. f. 

34 

, ' 

a. 


Dicraiium scoparium 

f. — a. 

64 

" ■ — . 

1. 


Eurhynchium striatum 

0. — f. 


— 

— 

— . 

Fissidens taxif olius 

0. 

18 

— 

G. 

■ — 

Hylocoraium squaiTosum 

0. 

10 

__ 

0. 

f. 

H. triquetrum 

La. 

48 

f. 

f. 

f. 

Hypnum cupressiforme 

0. 

14 

r. 

0. 


u;ar. elatum 

H. cuspid atiim 

Lf. 

36 

u. 


0. 

H. molluscum* 

— 



f. 


Neekera crispa* 




0. 

— 

Cladonia silvatica 

Lf , 

16 

' 

— _ ' 




p.l 87 . 


“irerbland 
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111 addition to the few woody species found as seedlings or isolatiMl 1)!ishf*s 
scattered over the grassland areas 3 - 5 , and included in the list, tliere was a 
small vestigial belt of scrubby woodland at one end cd (3) and in flit* iinniC" 
diate neighbourhood of this there occurred, in addition, areUfuta, 

Fagiis silvat'ica (seedlings), Hedera kelix^ Ilex aqkifolium^ Lrmieem ffrlchj- 
Quercus rohuTy Rosa arvensis, Rubus Siunbueas higra. 

Sorbus army and Taxiis baceata. Most of the casuals and woodljind phints 
printed in italics in the list were found in this vicinity. 

Ch Coxjlteb’s Dean "Svasteland ” (7). 

This is a strip of “waste"’ land, little if at all pastured, about a quarter 
of a mile (400 m.) long and less than 100 yards broad, bounded on oni^ side* (east) 
by beechwood and on the other (west) by arable land. It has a vtuy slight slope 
to the west. It is occupied by a mixture of grasses, dicotyledonous herbs and 
woody plants (shrubs and young trees) and is of interest mainly f)ecausf‘ two 
lists are available, one made in 1914 and the other, quite iiHhqxuidently, in 
1920. From a comparison of these it will be seen that the {lumber of speeic^s 
is recorded as having increavsed from 85 to 107 and that 52 s|u‘ei(‘s. inehuling 
six of tlie woody ones, increased in frecpiency, while four speeies disaiJpeared 
and nine appear to liave decreased in frequency. Of course a. eo{isideral)Ie 
margin of error, both in missing species that were prc*sent a {id in wnmgly 
estimating frequencies, must be allowed for, but the figure's are neveulheless 
quite siijfficient to show that there was an increase both in speuh's am! iiuli- 
viduals during the six years. Clearly the area represents a stage in succession 
of derelict arable, which is marked by the mixture of plants rof^rrod to above. 
Pastured it would doubtless become chalk grassland with fair rapidity. Left 
to itself it would revert to woodland. This is in accorihince with the vi(‘W, 
sup])orted by other facts given in this paper, that chalk grassland is essentially 
a “’subclimax” community stabilised by pasturing. 

Table IV. Flom of Ckndier^s Ikmi wastrhuh! {!) 


Agrimonia etipat ori o m 

1914 

o. 

1920 

I.O. 

Cl seabiosa 

1914 

0. 

192( 

!i. 

Ag ropy ru m re pens 

— , 

r. 

Cirsi'iim arvense 

-- 

r. 

Agrostis tenuis and alba 

o. 

0. 

C. aeaule 

0., 

o. 

Antiioxantbum odoratuin 


o. 

Clin optali 1 1 m ^ u LniiTi 

0. 

I.l. 

Ant } ly liis vu in oraria 

' o. 


Conopodiuni niajus 

r. 


Arenaria .serpylUfolia 


T. 

Cueubalus fH*hen (SiluK* 

inliata) o. 

■1 

Arrhenat hern in elatius 

1. 

la.— !.d. 

C-ynosurus eristntus 

r. 


Asperula eynauehica 

o. 

0. 

Daetylin gloinerata 

■f. 

t 

A vena prateiisis 

1. 

0, 

Daneus earota 

o. 

0, 

A. pubesccTih 

o. 

0, 

Epipaetis latifoHa 

1 


Bcillis iKTonnis 

r. 


Erythraoa cent a u riiim 

o. 

o. 

Bkicksionla.. pei'foliala 

lo. 

].(>. 

Ell |»brasia nern< >rosa 

o. 

0, 

Brachypodium silvatieum 

a. 

a.— Id. 

Festuea ovina 

la. 

I. 

Briza uunlia 

1' 


Fragaria vesea 

' cx 

la 

Calamintisa aeinos 

r. 

'■■O.- 

OaleopsiH iadanum 


F. 

Campanula glorneriita 

o. 

f. 

Oaliutn wctuni 

■ ' 0. . ■■ 

f. 

C. rotundifulia 

— 

1 

Cl niollngo 

■ 

f. 

Carex liace.a (glaiu'a) 

a. 

a. 

n en t i ana am a re 1 la 

{J, 

If. 

Carlina. vuigaris 

o. 

o. 

CU‘raiuum eolumianurn 


r. 

Centaiirea nigra 

o, . 

la. 

Habenam cidoraniha 



n 
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Table IV [continued). 



1914 

1920 


1914 

1920 

H. conopsea 

r. 

r. 

Veronica chamaedrys 

r. 

— . 

Helianthemum vulgare 

0. 

1. 

Vicia cracca 

0. 

0. 

Heracleiini sj)hondyliiiiii 

f. 

0. 

V. hirsuta 

r. 

r. 

Hieraeium pilosella 

l.a. 

La. 

Viola hirta 

L 

La. 

Holcus lanatus 

0. 

0. 


Total 66 

81 

Hypericum hirsutiim 

— 

0. 

Woody Plants 

H. perforatum 

0. 

f. 



Leontodoii hispidus 

— 

v.a. 

Betula alba 

— 

1. 

Leucanthemiim vulgare 

0. 

o.~f. 

Clematis vitalba 

r. 

0. 

Liiium catharticiim 

f. 

f. — a. 

Cornus sanguinea 

0. 

0. 

Lotus corniculatus 

a. 

a. 

Corylus aveliana 

0. 

0. 

Medicago lupuiina 

0. 

f. 

Crataegus monogyna 

0. 

0. 

Ononis repens 

0.. 

La. 

Pagus silvatica 

r. 

r. — 0 . 

Ophrys apif era 

0. 

r. 

Fraxinus excelsior 

r. 

— 

Orclois maculata 

0. 

0. 

Prunus spinosa 

0. 

0.— Ld 

0. pyramidalis 

— 

0. 

Pyrus malus 

— 

r. 

Origanum vulgare 

f. 

a. 

Quercus robur 

r. 

r. 

Pastinaca sativa 

o. 

1. 

Rhamnus catharticus 

— 

r. 

Phleum pratense 

— 

r. 

Rosa arvensis 

— 

0. 

Pimpineila saxifraga 

l.a. 

o.~f. 

R. canina 

r. 

f . 

Plantago lanceolata 

0. 

f. 

R. micrantha 



r. 

Poa trivialis 

— 

r. 

R. rubiginosa 

r. 

r. 

Polygala vulgaris 

0. 

0. 

Rubus coesius 

f. 

La. 

Potentilla reptans 

— 

0. 

R. rusticaniis 

— 

1. 

Poterium sanguisorha 

a. 


Salix caprea 

o.L 

o.L 

Primula veris 

1. 

1. 

Sorbus aria 

r. 

0. 

Prunella vulgaris 

0. 

f. 

Viburnum lantana 

r. 

0. 

Rumex orispus 

— 

r. 


Total 14 

19 

Sanicula europea 

Scabiosa arvensis 

f. 

r. 

f. 

Mosses 

S. columbaria 

1. 

1. 

Barbula fallax 

0. 

— 

S. succisa 

1. 

La. 

Brachythecium purum 

a. 

a. 

Senecio erucifolius 



L 

Camptothecium lutescens* 

a. 

a. 

S. jacobaea 



r. 

Fissidens taxifolius 

— 

0. 

Thymus serpyllum 

a. 

a. — Ld. 

Hylocomium triquetrum 

La. 

La, 

Trifolium pratense 

0. 

1. 

Hypnum cupressiforme 

— 

1 

T. procumbens 

0. 

0. 

var, datum 



T. repens 

1. 

0. 

H. molluseum* 

, f. 

La. 

Trisetum flavescens 

a. 

0. 

Neckera crispa* 

— 

a. 

Tussilago farfara 

r. 

r. 


Total 5 

7 

Ulmaria palustris 

— 

r. 


— 

— 

Verbascum nigrum 

r. 

r. 


85 

107 


D. DoWNLEY GRASSLAND. 

The area of chalk grassland which we have studied most closely is that 
occupying the slopes above Downley Bottom (8 and 9) on the Ditcham Park 
estate. This area is on the extreme east of the region dealt with in this paper, 
and just within the county of Sussex. Natural chalk woodland, consisting 
mainly of beech, ash, yew, and whitebeam (beech-associes of Dr A. S. Watt^), 
covers the upper part of the slope, which is continuous with the plateau of 
West Harting Down, covered with a very flinty non-calcareous sgil In addition 
to the above mentioned trees the plateau wood contains a good deal of Quercus 
TobuT and some Betula alba (ash-oak associes of Watt^). The lower slopes and 
the Bottom itself are covered with chalk grassland on which sheep had long 
been pastured. 

^ Watt. This Journal, 12, p. 176. 
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111 1908 tlie wliole area was lieavily infested witli raldiifs, wlinsf* burrows 
were very iiiinieroiis, so that the herbage of the |)astnri‘ averaged half an iiieh 
(1*25 cm.) to one inch (2*5 cm.) in height, and the* shrubs and tri*as on tli«‘ 
edge of the ivood were eaten back and quite prevenf-ed fnuri advaiieiiig. 
During the winter of 1908-9 two areas of approxiinateiy 82 d sq. inetTes 
(980 sq. yards) and , 390 sq. metres (470 sq, jmrds) respectively were fuielnsed 
with rabbit proof fencing, the upper fence in each case running within the 
fringe of shrubs on the edge of the. wood. The primary objc‘(t of thc^se en- 
closures was to detei'niine whether the grassland would be eolotiised by sliriibs 
and trees when browsing and nibbling animals were excluded. The results of 
the observations on this point have been published in Xo. 2 of these ^ Studies ’h 
The withdrawal of rabbit attack of course affected tlie grasslanrl its(‘If, and 
the changes occurring, noted superficially up to 1913, w'ere nion* carefully 
studied in 1914 and again in 1920. 

The two areas at the time of enclosure , were perfectly typical examples' of 
the surrounding vegetation. The larger area ‘tA’’ (8) has a north-ivestern 
exposure* and a, iinifonn indination of 17 ' or 18'h It also has a sf)inewhat 
different surface soil (see below) from the smaller B*’ |9) v hicdi has a western 
exposure, and an inclination \miyiiig from 15‘^ to 23 h These* (lifTcreiices are 
reflected in tlie vegetation. 

Tlie following a;re triinscripts from the brief field notes of the eaTlier years : 
Jidi/, 19t)9. Area A. Turf closed, closely nibbled outside, herl>age 

averaging 5 inches (12*5 cm.) and much greener inside enclosure. h\*w flowers 
outside (Ijiius corHic^lafus, Prunella iudgaris and a little Thgtnas serpglluw), 
Tnsid<* fjdus and Prunella flowering more freelyv 

(Unnprmllon of In rf, A basis of moss, maitdy Braehglheeluni purum and 
Hylocmmia, formed the lower stratum wluu'e the turf was deep emuigh. Where 
the turf was most (‘losely tiibbled the mosses w(‘rc codominant with the grasses 
and dicotyledonous herbs, or even dominant, especially close to the (‘dge (d the 
w'ood where they were most shaded. No one species was dominant in the 
upper stratum of turf. The following species of flowering plants wi‘.re noted, 
the first eight being especially conspicuous, in the order in which tliey are giveti : 

Festuca oviiia Piantago laiiceokta (Irsiiim lajicoolatiiin 

Oa.rex flacca . Polygala vulgaris (j. |:ia!ustre 

Asperiila e.ynanchica Thyimis Berpylliim. llionuium pllowlla 

l^Ueriuni sanguisorta Leontodon hispidiis Fragaria 

Lotus ooniieiilutus AohiHoa millefolium Viola (agg.) 

Pnmolla vulgaris Mjosotis aivensis (outside)', fanum <'‘,ailuu‘tH'‘um 

Averia prateusis Euphrasia uemoromi Origanum vulgare 

Agi'ostis toiiuis Tnfoliuiu pratonse ' ' ■ Veronie^i otikanalis 

lUinimouluB bulhosus (billume-riH'tum 

Viola hirta .Cirsium acaule Alchetniiin jirvoUHls 

Galium vcuum 

[No Beparato lists were made of .%peeie*s oeeurring inside ami outside tin* feneed area, but 
it is unlikely that any dilfereuee in s|wcdfie er)mposilion wouhl arise during a single growing 
S(‘asoii. A etmspieuous featuu^ was 10 tall Howering plaids of (Imum /wila.s/fe within the 
(mcioHun% ilHTim>eiijg iioiie on the rabbit-mbbled turf outeide,] 

1 Tansley. This douRXAU 10, pp. DB-n?; ® CL Farrow, d’lds douiiKAU, 5, pp, 
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Area B. Turf of the same general type as A, but herbage thicker, less 
moss, much less Garexjiacca. Also much Helianthemum vulgare, and Potentilla 
erecta (not seen in A). There were about 65 tall flowering specimens of Cirsium 
pcdustre within a space of about 600 square feet within the enclosure. (Three 
of the thistles can be seen in Plate III, Pig. 2 ; this photograph was taken in 1912.) 

In September, 1911, at the end of a very hot dry summer, two American 
ecologists who visited the areas remarked that the vegetation inside the 
enclosures reminded them of, and strongly resembled in general character, 
that of the drier prairies of the “middle west.” (Of. photograph of the corner 
of A enclosure, Plate III, Pig. 1.) 

In 1913 more exhaustive lists were made of the species growing inside and 
outside the two enclosures, while in 1914 and again in 1920 the vegetation 
was thoroughly studied. 

Height of the herbage. During the years from 1908 to 1914 measures had 
been taken to diminish the number of rabbits on the Downley area at large, 
and the effect of this was now seen. 

In 1920 the rabbit pressure had evidently still further diminished, and 
cattle instead of sheep were now pastured. The following table gives the 
general height of the herbage in centimetres at the three periods. 

Table Y. Height of herbage at Downley {cm.). 

Unenclosed Enclosed 



A 

B 

A 

B 

1909 

. 1-2*5 

1-2*5 

12*5 

14 

1914 

2*5-5 

4-8 

10-15 

15-22*5' 

1920 

4—8 

4-9 

15-30 

20-25 


Changes in the herbaceous vegetation. Area B, August, 1914. A much 
greater mass of grass herbage within the enclosure as opposed to Poterium, 
Helianthemum and without. These three form the conspicuous plants 

outside, with blades oi Eestuca ovina and Carex flacca protruding between. 
This is no doubt an effect of differential nibbling, the rabbits preferring the 
grass to anything else. Cirsium acaule and C. palustre are also much more 
conspicuous without than within (PL lY, Pig. 3), their basal rosettes often 
suppressing the surrounding plants^. But though altering the proportions and 
relative conspicuousness of different plants, the rabbits do not appear to 
have made much difference within the six years to the list of herbaceous 
species. The decrease in the number of rabbits has simply enabled the grasses 
to shoot up more freely through the other plants. 

Inside the enclosure some species have suffered more or less seriously 
from the effects of competition: Helianthemum, which covers the mole heaps 
outside is not holding its own inside, while Lotus and Poterium are scarcely 
so conspicuous as they were. The last-named however holds its own pretty 
well with the grasses, developing larger leaves and alternating with the grasses 

^ Cf. Lindman. “Some cases of plants suppressed by other plants.” Neio Phytologint, 12, 
1913, p. 1. 






Phot. [. Inside enclosure. Clans oi Holcus lanatus (left and centre) and GV/////';// r-c/v/w centre 
and right). Poteriuni sanguisorba and Agrosth ierntis are also visible. Herl)ageat least S inches 
deep. Sept. 1914. 


Phot. 2. Inside enclosure. Calhtnaviilga} is irtita tl. right centre. (baPuiu. 

vtrinn and Avtna 'pralensis (front) are also seen. Herbage about h inches deep. Sept. 1*^14. 


Phot. 3. Outside enclosure. Hummocky ground with rabbit hole and short turf. HAJitnthi'. 
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in clumps or areas more than it does outside. The thisth‘s are no haiuer ablt^ 
to keep their basal rosettes spread out, and Cirmim acro/Ze deve!«>ps stnlks io 
its heads. GaMmn vemni holds its own particularly well witii the grasses iind 
forms a fair proportion of the herbage (PI. IV, Fig. I , right ). T/Hj)NNs, on the 
other hand, is almost entirely suppressed, and Potent lUu ereeto often sulfers atnl 
is unable to flower, though it produces long thin stems. The mosses, also, are 
so much shaded that they are often etiolated. 

Septemher, 1920. Mole heaps very numerons outside^ the enclosure and 
comparatively few within. This affects the general physiognomy the vege- 
tation because TfnjmuH and Helianthemuni doniinat<‘. the mole hoaps. The 
pre[)onderaiice of grass inside the enclosiire is nnirk<‘d, but Pnterioof son- 
g}i}sorha is now quite liolding its own owing to its local dominam-e. It is 
freely attacked l)y Pln'agnudimn smigmsorhae as in 1911. but this has not 
affected its success. Outside the enclosure there is more Lolas and PoieffiiJla 
in proportion to AeliUlea nnll^dkiw m\A (Ltlnnn reram than iirsidto The 
tliistles are nol cpiite so strong outside as they were in 191 k Some rosettes 
are Iseing |ir(»ssed back and others overgrown i)y the more iiixuriant growth 
of the other horbage coiiseqiient oii the tlei'najsed rahbil prassuo*. Inside they 
are suffering sevondy. there being no s<‘edlings of gahasfre. In 20 (juadrats, 
each of a rpiarterof a square metre, ta,ken at random from inside the enclosure 
(“ 5 s(|. m. in all) there were 10 platds of ('. judaslre. as compare<l with 
21 outside in 20 equal quadrats. In the same area, tliovo were :>! fdants of 
(leaale inside as compared with T9 outside. 

In order to ot)tain a measure of the <lifference in tlie Imlk of tlie Aoirioiis 
s])ecies deve‘lo}>tMi the heritage was (*ut from an anei <d‘ *2o sq. m. inside ami 
another of the same size oiitsi({<» the enclosun*, tin* plants being (Uit off with 
a razor as close as ]>ossibie to the surface of the soil. Fach lot of htu’bage was 
weighed fresli and was then thoroughly mixed and a samf)le of about a quarter 
taken. This sample was sorted into nine fractions, tin*, most promiuent s[>ecit*s 
l)eing \veigin‘d sepaa*at(‘ly. The results are given below. 

Table VI. Weights of heritage at Ikoenleg, 

Total frealrweijiiito:)! iR^rlKiL^e *2a la.'* oiitHide enoloHiiro •- ma-.lejic 




„ inside 

( tntsale 


2H3-2 ym. 

Inside 


j' 

'Pt‘r cent. <4 


PfT (‘(‘lit. of 


.(trams 

total 

(Irarris 

total 

(JrassrB 

IOC 

4IU 

C24) 

97*2 

Pot«‘rium Haiejuisorba. 

4-C 

. 0*7 

17-1 

22* 1. 

Holijaifhotmun vulprao* 

o-B 

TIU 

0-9 

M 

L<ayM <'urni(*{i!jitus 

C'S 

8»U 

(H ■ 

teia 

{’irsiiiin acaulo 

f»*8 

144 

Xii 

Nil 

PI{iaijii*'o laneeolata 

0-9 ■ 

1-9 

0-25 

ihXl 

OaJiinu vtaMini 

Hit 

Nil 

' 2*2 " 

24 

Moh.ho.s 

0-5 

1*0 

O' 95 

U‘H4 

.Residue? 

54- ■ 

114 

9-2 

4-H 

Total sorted and 

s<*pa,rately weighed 

tiourn. of Xlli 

47’2 

UH)0 

79-4 

IIHMI 
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These figures, while they do not of course give an accurate measure of the 
actual proportions of the various species in the whole enclosed area compared 
with the unenclosed grassland outside, nevertheless bring out some interesting 
points. First, the weight of herbage inside the enclosure is not quite doubled, 
though its height is increased from three to five times. This is owing to the much 
greater ‘"solidity” of the vegetation in the short rabbit-nibbled turf carpet. 
Secondly, the grasses form well under half the weight of the herbage outside, 
while inside they make up more than two-thirds and Poterium nearly one- 
quarter. Thirdly, there is greater approach to equality in the proportions of 
several different species in the short turf outside, and a greater dominance of 
a few among the taller vegetation inside the enclosure. Only the grasses and 
Poterium exceed 5’per cent, of the total weight inside the enclosure, while the 
grasses and four other species of those weighed each forms 8 per cent, or 
more outside, and the “residue” of species not separately weighed amounts 
to 11*4 per cent, outside and only 4*8 per cent, inside. 


Table VII. Species flowering in September 1920 on Area B at Downley. 



Outside 

Inside 


Outside 

Inside 

Achillea millefolium 

, 

X 

Hypericum perforatum 

Absent 

X 

Calluna vulgaria 

Absent 

X 

Leontodon autumnalis 

X 


Campanula rotiindifolia 

X 

X 

L. hispidus 

X 

X 

Ciinopodium vulgare 

Absent 

X 

Linum catharticum 

X 


Cirsium acaiile 

X 

X 

Lotus cornieiilatus 

X 

X 

C. paliistre 

X 

X 

Plantago laneeolata 


X 

Euphrasia nemorosa 

X 

Absent 

P. media 


X 

Galium erectiim 

Absent 

X 

Potentilla erecta 

X 

X 

G. mollugo 


X 

Prunella vulgaris 

X 

X 

G. verum 

X 

X 

Senecio jacobaea 

X 

X 

Helianthemum vulgare 

X 

X 

Scabiosa columbaria 

X 

X 

Hieraeium pilosella 

X 

Absent 

Trifolium pratense x 

Total 16 

20 


Of these species 12 were flowering both inside and outside the enclosure. 
Of the four flowering outside and not inside two are apparently now absent 
inside owing to competition, and the other two have decreased decidedly in 
abundance. Of the eight flowering inside and not outside, five are absent 
outside, and the other three have tall conspicuous inflorescences specially 
likely to be eaten off. 

In the early years of enclosure, when the rabbit pressure was more severe 
outside, the discrepancy in the numbers of species flowering inside and outside 
the enclosure 'was undoubtedly much greater, for then the number of species 
flowering outside was very small indeed, while the number flowering inside 
was at a maximum. The present tendency is to a decrease in the number 
flowering inside owing to the increasing dominance of a few species and the 
suppression of others, while the diminution of rabbit pressure has substan- 
tially increased the number that can flower outside. 

Soils of the Downley Areas. 

The surface soil of the A area is a dark brown humous loam, very rich in 
carbonates, about 4 inches (10 cm.) deep and densely matted with the roots 
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and liiizomes of tlie close lierbage. The next four inches, i.e. dsnvii Itj a depth 
of 20 cm. from the surface, contain many fewer roots, miirdi less humus a.iifl 
a gradually increasing mimber of small chalk lumps. At alioiit tins level tlie 
chalk rock is in situ but the upper surface is much fissurt^d. with brown loam 
occupying the cracks. In this the roots of the deepcw rooting species pass 
clown to a depth of at least 30 cm. from the surface. 


Table IX. Soils of the Doumley areas. Chemieal analyses^ Septeuibej^ 1920. 



Area 

Depth 

inches 

Water 
lost 
in air 
Sample drying 

Water 

lost at Loss on 
KKI’ C. ignition 

Total 

cirbon- 

ates 

Nitrates 

as 

NaNO;; 

IVO- 

K,D 

M.gi ) 

< 'aO 

In sol. 
residue 

Siiedtic 
|OI atlditj 

1 \\ lierry ’s indicators! 

A. 

Outside 

(>-4 

D 0 

39*8 

8-0 21-36 

36-0 

■0036 

•lCi6 

•267 

•Ota 

18-2T 

27-5 

7-5 -3 


33 

4-8 

I) 7 

33-0 

9-6 5*48 

62-1 

•1060 

•161 

•374 

•221 

36-13 

16*5 

■ ~ 


Inside 

0-4 

D 4 

37*8 

8-4 23-20 

26-1 

•0080 

•2<;9 

•1)10 

■350 

18-79 

27-0 

7-5 ' -3 

51 

>3 

4-8 

I) 5 

30-0 

4-0 16-32 

72-0 

•0025 

•15] 

•211 

•073 

3,5 -Cti 

9*0 

— ■ 

B. 

Outside 

0-1 

r> 3 

26-8 

6-2 24-0 

2-4 

•0036 

1 -0119' 

•119 

•341 

•198 

1-11 

54-5 

1' 7 l-Cneutml) 


33 

1-5 

1 ) 13 

28-0 

6-0 14-11 

5-33 

-058 

•408 

•201 

3-50 


3? 

33 

5-8 

D 

23-6 

4-0 4-6 

19-3 

•0015 

•15*} 

-107 

•037 

10*21 

45 -5 

— ■ 

33 

Inside 

0-1 

D 2 

31-8 

7-5 39-20 

2-8 

•0119 

•|8,S 

•384 

•09* f 

1-9,9 

51-3 


53 

13 

1-5 

Dll 

28-0 

6-9 16-14 

5*6 

■0010 

■157 

■31«) 

■231 

0-21} 

5!M 

> ti-o -f 3 

„ 

33 

5-8 

D 12 

24-8 

5-2 14*19 

10-6 

•oo:i3 

■171 

•421 

•cni 

5-3.1 

58-5 

" 


Inside the enclosure the surface humous soil isu:iistinctly dee{ier, tin* loss 
on ignition of the first 8 mcdies (20 cin.) l>eing litTfi fuw cont. against l;M2 
per cent, outside. The reaction in bofli easf*s is distinctly alkaline (pH 7*5, 
specific alkalinity 3). Chalk in situ is met; wifh at 2o cm. and solid iirdissuriMi 
chalk at 38- It) <‘m, from the surface. TIiub the eiiclosure for ele’cen years has 
resulted in a markuMi increase in the aceumiilation of surface humus, giving 
an iinuMuised df‘ptli <ff about 5 cm. 

The soil of the I> area is a scmiewhat lighter brown, nior** powdery loam. 
The wliole 8 incites (2t) cm.) taken from outsitle tin* enclusitn* shows ainnsst the 
same loss on ignition (14’08 per cent.) as the <awrespondiiig sample frotn A 
(13-42), but, oi\ly oneAifth the ]auventage of cariauiates dtn2 against Ht-tto). 
The to]> ineh is a,hsolutely poor in carbonates (2*1 per e^uU.) aaid tin* nc*x.t 
4 inches (5*33) poor for a chalk soil; there is a. <*orrespuiidingly high percentage 
of insoluble material. The reaction of tlie top I inches is muitral. The chalk 
in situ occurs at a depth comparable with that obtaining in the A area. 

Inside the enclosure, while the lime figures (»f the top 5 imlies are vt*ry 
similar to those (uitside, the accumulation of humus in tln^ t<s[> inch is v<‘fT 
marked (39-2<) p<‘r cent, loss on ignition). The percentage of ca.rbona, tes for 
the whole 8 inches is only 7-1, against 10*5 outside and 49 t he <*(UTespomlifig 
depth of soil in A, and the reaction of the upper layers is distinctly acid. 

Two points of difference between the areas are dear. First, tlie soil of the 
B area overlying the chalk rock is mucli, poorer in lime ami richer in insoluble 
constituents. Secondly, the aceiimiilntion- (d humus in the top layers witliin 
the endosun^ is much greater in B than in A, ami tbe remlioii is more add. 
Nitrates, pliosfiluites and potash all appear to have aecnimiilaf.ed in tlie top 
layers insiile the enclosures. The vegetation and its changes during the period 
of enclosure refleet these differences. 





Table VIII. Floristic comjjosition of the herbage of Areas A and B 
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Figs. 3 to 6 illustrate four quadrats, each 2-5 dm. (about 10 inches) square 
outside and inside the enclosure B in 1914 and 1920. The areas charted are 
unfortunately not the same, because the wooden marking pegs disappeared 
during the six- year interval, but 3 is very close to 5 and 4 to 6, while all four 
represent turf which was originally (in 1908) closely similar. The striking 
points are the very great diminution of the number of individual plants (cf. 
Figs. 3 and 4) other than Festuca ovina (which increased enormously) as a 
result of the first six years’ enclosure and withdrawal of all grazing and 
nibbling, and the smaller though still marked diminution (cf. Figs. 3 and 5) 
as the result of the lessened nibbling outside the enclosure during the second 
six years. During this second period too the other plants increased in number 
(cf. Figs. 4 and 6) inside the enclosure at the expense of Festuca ovina which 
decreased markedly and lost dominance (Figs. 7 and 8). 

Compare also Plate V, Figs. 1, 2 and 4. 

DESCRIPTION OP FIGURES 3-6. 

Fig. 3. Quadrat 2-5 dm. square (=6-25 square dm.) outside the Downley “B” enclosure in 
August, 1914. Herbage 4-5 cm. high. Festuca ovina (not represented on the chart) was 
dominant, filling all spaces between the other plants. The flat rosettes of Girsimn acaule 
and C. ‘palustre, whose leaves are diagrammatically represented, were conspicuous, and 
occupied a considerable area. The total number of rooted shoots of flowering plants, other 
than Festuca ovina, is approximately 431. 

Fig. 4. Quadrat of same size inside the Downley “B” enclosure, Sept. 1914. Herbage about 
18-20 cm. high (mosses not recorded). Festuca ovina {not represented on the chart) was 
dominant, filling all spaces on the surface of the turf between the other plants, though there 
were bare spaces on the soil surface, concealed by the mass of vegetation. The total number 
of other flowering plants was only 20 (in some other quadrats of the same size as many as 
40 occurred), but the individual plants were much bigger, as is roughly indicated by the 
size of the letters used as symbols. The effect of the complete withdrawal of grazing and 
nibbling was primarily to allow the growth of the dominant grass to the suppression of 
the great majority of the other flowering plants. 

Fig. 5. Quadrat of same size outside the enclosure. Sept. 1920. During the six years from 1914 
to 1920 the rabbits in the area had been considerably reduced, cattle instead of sheep were 
grazed and the depth of the herbage had increased to a height of 6-7 cm. Festuca ovina 
was still dominant, filling all spaces, and the less severe grazing and nibbling had again 
encouraged its growth, at the expense of the other flowering plants which now numbered 
about 233. Many of the latter had produced semi -procumbent shoots (indicated by arrows). 

Fig. 6. Quadrat of same size inside the “B” enclosure, Sept. 1920. Herbage 20-25 cm. high. 
In spite of the increased height of the herbage it was less dense, and many bare spaces 
existed on the soil though none on the surface of the herbage. Festuca ovina was still very 
abundant (see Fig. 7), but no longer filled all the gaps between the other plants, which 
numbered 52 individuals (in other quadrats of the same size more than 80 existed), the 
other species profiting at the expense of the sheep’s fescue. 








ArtM A oMtside enclosure, dose to cnlge ot wood. 4 . inside 11 enclosure, 

o;/////// .w/ /// 07 ^ '.>/////, //. spkndens. Cmrx jlacca. Viruitm lower half of this. l )et‘p he 






Fia. 5. Outside, 1920. 


Fw. (i. Inside, 1920. 
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List of 'plants, with symbols and numbers of individuals occurring in the 


quadrats represented in 

Figs 3, 4, 5, 

6 and 8. 





Fig. 3 

Fig. 4 

Fig. 5 

Figs. 6 and 8 
















( \ 





No. 

0/ 

/o 

No, 

0/ 

/o 

No. % 

No. 

0/ 

/o 

Achillea millefolium 

Ae 

8 

2 

3 

15 

12 6 

73 

10*0 

Antlioxanthiiin odoratii m 

An 

— 

— 

— 

— 

3 1-5 

9 

1*3 

Agrostis tenuis 

Ag 

6 

1-5 

2 

10 

11 5 

6 

0*8 

Asperula cynaiichica 

As 

— 

— 

— 

— 

13 6 

10 

1*5 

Avena pratensis 

Ar 

53 

12 

— 

— 

31 15 

52 

7*0 

A. pubescens 

Au 

52 

12 

1 

5 

17 8 

15 

2*0 

Brachypodiiim silvaticum 

Bs 

— 

— 

— 

— 

— — , 

1 

0*1 

Briza media 

Bz 

— 

— 

— 

— 

— — 

3 

0*4 

Broinus erectus 

Be 

— 

— 

— 

— 

— — . 

1 

0*1 

Campaniila rotundifolia 

Cr 

27 

6 

— 

— 

3 1*5 

14 

2*0 

Carex flacca (glauca) 

Cf 

25 

6 

1 

5 

20 10 

48 

7*0 

Girsium acaule 

0 

6 

1*5 

— 

— 

2 1 

— 

— 

0. palustre 

9p 

4 

0-9 

— 

— 

— — 

2 

0*3 

Cynosurus cristatus 

Cy 

— 

— 

— 

— 

— , — 

1 

0*1 

Euphrasia nemorosa 

E 

2 

0-5 

— 

— , 

1 0*5 

— 

— 

GaUum erectum 

Go 

— 

— 

— 

— 

— — 

5 

0*7 

G. verum 

G 

19 

4*3 

2 

10 

1 0-5 

71 

10*0 

Heiianthemum vulgare 

H 

41 

9 

4 

20 

21 10 

101 

14*0 

Holcus lanatus 

HI 

— 

— 

— 

— 

— — 

56 

8*0 

Leontodon hispidus 

Lh 

1 

0-2 

— . 

— 

— — 

— 

— 

Linum cathartioum 

Lc 

11 

2-6 

— 

— 

2 ~ 

— 

— 

Lotus cornicuiatus 

L 

62 

14 

1 

5 

25 12 

44 

6*0 

Luzula campestris 

Lz 

— 

— 

— 

— 

— . — 

7 

1*0 

Plantago lanceolata 

PI 

10 

2*2 

1 

5 

2 1 

7 

1*0 

Potentilla erecta 

Pe 

4 

0-9 

— 

— 

1 0-5 

35 

5*0 

Poterium sanguisorba 

P 

44 

10 

3 

15 

23 11 

95 

13 

Prunella vulgaris 

Pr 

7 

1-6 

— 

— 

— — 

1 

0*1 

Thymus serpyllum 

T 

46 

10 

— 

— 

18 9 

25 

3 

Trholium repens 

Tr 

10 

2-3 

— 

— 

4 __ 

— 

— 

Trisetum flavescens 

Tf 

— 

— 

— 

— 

— — 

12 

1*5 

Viola hirta 

V 

3 

0-7 

2 

10 

3 1-5 

16 

2*2 

V. silvatioa 

Vs 

— 

— 

— 

— 

_ — 

3 

0*4 

Totals 


441 


20 


213 

713 





Mosses 





Brachythecium purum 

oo 

o 


Hylocomium triquetrum 

• • 

• 


Camptothecium lutescens 

HU 


Hypnum cuspidatum 

<111 


Fissidens taxifolius 


\\\\ 


Mnium cuspidatum 




Notes on the frequency of the species on the two areas and within 
the enclosures. 

(a) Species characteristic of chalh grassland. 

Festuca ovina, tlie most abundant grass of pastured chalk soils, is still 
locally dominant within the enclosures, though it is decreasing and losing its 
general dominance as the competition of the other grasses makes itself felt. 

Festuca rubra, on the other hand, is increasing in both enclosures and is now 
abundant in A. Possibly it exists outside but has remained undetected. 

Avena pratensis, another characteristic and abundant chalk grass, but of 
taller habit, has markedly increased inside both enclosures owing to the with- 
drawal of rabbit pressure. This increase is more marked on the more calcareous 
soil of A than on the less calcareous soil of B. A. pubescens is absent from A 
and is apparently decreasing in the B enclosure. 
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Tfisekim Jlavescem, 'a frequent and very characteristic clialk grass, has 
not been detected in the Downley 'area outside the enclosures, iincl il is only 
sparingly present witliiii.. But the withdrawa'l of rabbit pressure has evidently 
given it the chance to develop, perhaps from plants already present which 
had maintained themselves in the rabbit-eaten turf. Like Amut iimleimSy 
it is more frequent in the more chalky soil of the A enclosure. 



3ti:cc 7- Distributioii of Ftshira oruni in an area. !,C - .5 dm. witliiii 
“ B” I'lU'ktsmv, 1020. ISfaikrlCiO. 



FlO. S. Plants other than FiMum ovina in the satno area. Potal immhnr id Individuals (UlO. 
Note the six hare spaties on the noil (alt coiieealed by herbafj:<‘), ihv ap|R*araisee, In.Mineriiey, 
and local strength of Holcas lamias and the ap|M.>arance of Cynmants erislaias Bmmm 

ereclas {imo}, and Braiiiy^HHliutn silvatlcmn ((me), 

Brizm fmdia, a very widely spread grass of poor dry soils, is aftparenily 
clecreasiiig inside the, enclosures owing to coiiipetition 

Bromm erecliis\ a characteristic dominant of unpasturod or only slightly 
pastured chalk soils, has appeared between 1914 and 1929 in the B enclosure. 
It is very local in the western region of the- Soutli Downs. 

Koeleria graailk {criskila) is apparently increasing inside the enclosures* 
Carex Jlmca {glaum)^ another abundant and charatheristic species of chalk 
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pasture often co- dominant with Festuca ovina, is decreasing, though it is still 
abundant in both enclosures, especially A. 

Of the common herbs of chalk soil, Poterium sanguisorba, one of the com- 
monest and probably the most characteristic of the abundant species, is 
maintaining and even increasing its abundance within the enclosures. It 
forms a much greater percentage of the total weight of the herbage (locally 
22*1 against 9*7) and has established local dominance in competition with 
the grasses. 

Lotus corniculatus has increased outside with diminished rabbit pressure, 
but has decreased inside owing to competition. 

Thymus ser'pyllum, within the enclosures especially, is tending to become 
confined to mole heaps. It is distinctly commoner on the more chalky soil of A. 

Scabiosa columbaria is increasing, apparently with diminished rabbit 
pressure. 

Hiemcium pilosella and Gentiana amarella have quite gone from the 
B enclosure and almost from the A enclosure. 

Asperula cynancJdca, a low growing species, has apparently disappeared 
from the B enclosure and has decreased in the A enclosure. 

The thistles, Cirsium acaule and C. p)(dustre, the former of which is very 
common in chalk grassland as on other dry soils, are both decreasing, as we 
have already seen, within the enclosures owing to competition. C, palustre, 
generally a plant of wet or stiff soils, is found here and there in chalk grass- 
land, so that it must be reckoned as an occasional member of this community. 

Helianthemum vulgare, generally reckoned as a very characteristic chalk 
plant, is absent from A. As a matter of fact, it is scarcely a plant of grassland 
as such but of chalky spots with open soil. In B it is especially characteristic 
of mole heaps, and owing to the fewness of these is becoming much restricted 
inside the enclosure. 

Thus there is a distinctly noticeable tendency for the low growing plants 
characteristic of chalk pasture to maintain themselves longer in the more 
chalky soil of the A enclosure. The taller growing species which suffer most 
markedly from rabbits^ are increasing within the enclosures, while those which 
suffer from the competition of taller growing species are decreasing or dis- 
appearing altogether. 

(b) Species not characteristic of chalk grassland. 

The species present in the Downley area which are not characteristic of 
chalk grassland but are commonly found on a wide range of soils or occur 
more especially on neutral and slightly acid soils, are increasing or decreasing 
on much the same lines as the more characteristic chalk plants. 

Thus Achillea millefolium is greatly increasing inside the enclosures, 

* Cf. Farrow, E. Pickworth “On the Ecology of the Vegetation of Breckland, III. General 
Effects of Rabbits on the Vegetation.” This JoirENAn> 6, 1917, pp. 3 and 16. 
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^^,j|-]'iclrawal of rabbit aXt.iick anil ran hold 
evidently because it /l//ro.sfn<? rni tlie is 

its own in cnnipetltioii %vith ^ owing to ef»Tn|Hditioi], p(*rlia,|Ks 

decreasing inside tlie enclosii^^*'^ j.ootiiig species, 
root coinpetitioii, since it is ^ ,ihum odorafum is nia,rk(‘<llv 


fv A. A«U|jeLUdU 11, «1I1CC lU ihuni 

Of the other grasses ^ 


ceiniiioiicr 111 


enclosure B than outside and 
both enclosures though it is ^st’d 


Pseiit Dnrhjlis has invatled 


fideus Imiaius, whicli had iiiA'-aded ’B 
s tliougli It IS g^iid is locally dominant (Plate I V, Fig. I ). 

in 1914 is now spreading dlv^dieum (the la1tf‘r primarily a, wimhI- 

Phleimi pratense and g ai-e still rare, dbuifej' aaiosn has 

land grass) have invaded 


tall herbage. The greater soil relatively ]M'»or in lime in th 

associated with the greater ^ Uund, whicli is gimm’allv assoeia 


B 

also established itself in with in chalk grasslami wliere the trtp 

l)oth in A and B. but is distinctly 
layer of soil is poor in liin^' ^ ' however it is barely licilding its {iwn in 

Gomnionerin the latter. In of this species in than in A is probably 

the tall herbage. The ereater l |.elati v( ly ]ioor in lime in the former 

hand, whicli is gimm’ally associated witli 
area. Scahins'a sucdsa, on is nne.x]Ha-tedly present in A and 

rather heavy, damp and soine^' ^^'^' grassland areas, 

not in B. It has since been fonn< jg the a]>{>(‘aranc<‘ of ( V/Z/a/o/ ca///gr/,'? 

But one of the most iritere.'^li^-^ downs, especially on plateanx where 

in B enclosiina ft occurs in lime, but none has beon detected in the 

there is an upper layer of soil pjye ]>laiits()f this speeics were iliscoviTe 

pastured Downlev Bottom ages hail evidimtly arrived about 191 I, 

in tin* Benclosiin* inHn4,andfromJ-^|,^ 

^ were all in llower (PL 1 \\ Fig. 2). 
proliably all at the same time. enclosure aaid nibbled oil tlie tops of 


About 1917 some ra!,>bits gnt jj.^^>hiding the (\dlionf. Tins cinadv to th 


many of the young u'oody and in 


In 


91.9 tlie |)1,a,r,its lia.d, increased 
1 920, when tlie area was [igai,n 'firoperly 
-esent, all in flower an,t:i li,oldirig tlieir 
iicw |fl^i-nts were situated close to tlie old 
dling ollBpri«g* The poverty of the top layer 
ones and wer(‘ evidently their with the freedom from ra!fl>il 

of soil in lime, its distinct acK ^ accounts for the coh>nisation of this plot 
attack inside tlu^ enclosure, no parents were situattal *5 am! 2-1 km. 

by the ling. The nearest possio ■■' " , ■^|jgf^ai,it origin is the more probalile. 

wa JIT ...r xn... The m--,. 


velopment was not however ver} 
in number and were all in flowc?* 
surveyiMl, eight vigorous plants 
own with the grasses. The throe 


to the W.8.W. of the jilot. 


^nd tendencies of these grassland areas we 


To sum up the character,iBtICjB^^^ -^^ typical chalk grassland 

may say that while tlie B area ■; * " of its soil, the enclosure is rapidly 

than A, owing to the less calcar^ Ijiulatioji of humus, which is leading to a 
making it still less so by’' tlm Qf the typical chalk pasture flora by a 

tendc?ncy to the gradual ^^^ii^eavhat acicldoving v<‘g(4atioii, tinnigh 

neutral and to a slight e.xteiit ' no. means excluded. But the two iiiter- 

the d(‘cp*-rooting chalk filants 
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locked factors, viz. absence of grazing and consequent increase of competition, 
leading to tlie success of the taller growing plants, appear to be by far the most 
potent influences in changing the vegetation. 

Marginal woodland species. 

The following marginal herbaceous species are increasing in or invading 
the enclosures from the edge of the wood, now that rabbit attack has ceased. 

Clinopodiuni vulgare local on the wood edge in A area outside enclosure : 
increasing in B enclosure. 

Fragaria vesca locally abundant on A outside, increasing somewhat in the 
enclosure. 

G, mollugo, invading enclosures, still local. 

Hypericum, hirsutum has invaded B enclosure but is still rare. 

H. perforatum is increasing somewhat from the wood edge in B enclosure. 
Origanum vulgare'^. One plant has recently appeared in B enclosure. 
Potentilla sterilis^ local in A enclosure near wood edge. 

Veronica chamaedrys^ and Viola silvestris, on the other hand, are apparently 
decreasing in the enclosures owing to competition in the thick deep herbage. 


Cm.. 



Fia. 9. Downley “B” area ( 9 ): profile of herba.ge and soil outside the enclosure, August, 1914, 
somewhat diagrammatic. Soil 0-9 cm. firmly held by roots of Festuca ovina, Agrostis tenuis, 
Garex flacca, Euphrasia nemorosa, etc.; 9-20 cm. fine soil mixed with lumps of chalk of all 
sizes up to 12 cm. diameter (and a few flints) occupying more than half the total volume. 
Boots bf Poterium and Cirsium amule extend to at least 25 cm. from surface. 

^ It is doubtful if Origanum vulgare is properly placed as a marginal woodland plant. It is 
characteristic rather of dry chalk , banks without thick pastured turf. 

2 Yeronica chamaedrys, though, mainly a wood-edge and ‘‘hedge bank’’ plant, is not very un- 
common in chalk grassland. 
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Depths of rooting. 

The few very incomplete data on the deptlis of rooting? fd tr^n .species which 
are given below are perhaps worth recording, though they re«|iiire to lie 
supplemented by much more extended observations in diiTerent typr\s of 
chalk soils. It may be noted however that while two of ilie four deep-rooliiig 
species were holding their own in the Downley "'B'' enclosure, all six of those 
with roots of only moderate or sliallow penetration are suffering inort* or less 
from competition in the enclosures. ' The contrast in tlie «,li‘|)ths of riioting 
between these and Weaver’s American figures is very striking. 


Depths of rooting in Downley “ 5 ” (irea. 


Deep rooted 


species 


Cinsium aeanle 

;il) cm 

Lotus cornieu lat us 

25 „ 

Poteriiim sanguisorba 

m „ 

Viola liirta 

20 , 


Species with roots of 
rnodc^rate dept h 
Aspervila cynaneitiea 1 1 em. 
Carex t!acea 11 „ 

Trifoliiim pratense 15 „ 


Shallow rooted 

Hpei'ie.H 

Ajj^rostis tennis 4 cm, 

'Ktiphrasia laaottrosa. , 5 „ 
Festuea uvioa 6 ,, 


E. Effect of differknt sloi-^k exi^oscrfs. 

The following table shows the occiirrence of species on differed ioxposnres 
of War Down and Rutser Hill, as well as on two areas of tlie summit platctui 
of the former, (‘lialk in situ or chalk lumps occur at a niaximimi of 10 cm. 
(4 indies) from tlu> surface of all these areas, and nil an* nmre or i(‘>H rabbit 
attacked, thougli some much more severely than otliers, ami the nortliern 
part of the summit of War Down (eolrimn 5) very litth^ indi*ed, so that the 
vegetation is sca.rc<‘l\’ affected. Cornparison of the lists .show tha,i ilillerenct.* 
of exposure has. for tlie most part, appareiitW eifei-t on the occurnaice 
of most speci<‘S of the <*halk grassland coininiinity. Steep sou! hern f*xposurcs 
are lacking; from ohservations in other regions it would simou tlnit tliev show 
a restricted list of species. The steep northern exp(»sun* of War Down (10), 
forming part of the escar|>raent of the Lower Chalk (main idiaik escurpment) 
does however show a marked d,iiferenee. 

This escarpment may reach, in the steep<?st places, an angle of :CD to the 
horizon^, and a, north slofie of this steepness cuts of! a eons!(lm'*a,l,ile |)rojiortion 
of the insolation. The preponderance of mosses in many ]>laces in tlu^ turf of 
the .north escarpment is very noticeable; and they arc often definitely 
dominant over the grasses and herbs. It is the Hylocoinia wliiidi form the 
bulk of til is moss vegetation, as can be seen from the list below, and //. sj^londens 
is specially prominent. The Downley ‘'A'" list (p. DHt) should be eom|'>ared. 
This area also has a north exposure: its slope is not nearly so steep (17" 
but the wood behind on the np|.>er 'part of the slope cuts off niiidi dire<*t 

^ From comparative olmcTvaiions in the steep Mided coombeR Ibsfnrr llili, it a,|spi af> that 
la the greatent angle at whie.h closely grazed chalk graa^laml <ian niaintairi itMcIf, At 
39V.4iy there is no eontiriuoua turf, but the soil is h>ose, consisting of Hmalf chalk IiimpM and 
powdery chalk (lower part of the steep slopt^ shown in PL Vf, Fig. tb Thew‘ ohservathms have 
since been confirmed in other parts of the southern- chalk range. 
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insolation. At Downley, especially close to the edge of the wood, the Hylo- 
comia tend to be dominant (PI. V, Fig. 3), much more so, for instance, than 
on Downley B with a more westerly, or on Chalton Peak or Chalton Down 
with easterly exposures. In the last three areas these mosses, though present, 
show no tendency to dominance. The same dominance of mosses has been 
observed in Sussex outside the region considered in this paper, both on the 
steep northern escarpment and in small areas of chalk grassland existing 
between and shaded by patches of woodland. 

Heavy rabbit attack on a steep northern exposure or otherwise shaded 
area will tend to increase the dominance of the mosses, since they appear to 
be refused by rabbits and thus obtain an advantage relatively to the herbs. 
Thus on a gently inclined north-facing chalk slope in Wiltshire, much infested 
with rabbits, Brachytheciiim purum and Hylocom/kim triquetnirn were found to 
be generally dominant, with Thy mm serpyUmn and Helianthemmn vulgar e 
(both relatively rabbit-resistant species) locally dominant, while all other 
species together formed but a small fraction of the herbage. 

The northern slope of War Down increases from 24°, a few metres below 
the escarpment edge, to 34° some 15 metres lower down the slope. The soil 
consists of 10 cm. of brown loam, then 20 cm. of chalk lumps mixed with soil, 
and chalk in situ at 30 cm. The herbage averaged 7*5 to 10 cm. in height, an 
unusual height for a heavily rabbited area. Mosses were very abundant 
(15 species of bryophytes occurring) and in places overwhelmingly dominant, 
isolated shoots of the other plants poking up through the moss carpet, evidently 
protected by the immune moss. Halfway down the slope (about 40 metres 
below the area listed) is an aggregation of rabbit burrows and among them 
a clump of Sambucus nigra. Streams of small chalk lumps tailed down the 
hill from the bushes. The list of species (column 1) contains a fair variety of 
chalk grassland herbs but with prevailing low frequencies. The grasses par- 
ticularly fall far behind their usual position in chalk grassland, only four 
species being detected, and of these only the sheep’s fescue was more than 
occasional. Besides the Hylocomia, which are also abundant on the north 
slope of Butser Hill and on the east of War Down, but not on the other 
exposures, Dicranum scoparium was more abundant than usual, and Rlia- 
comitfium lanuginosum, a most unusual moss in this community, occurred 
locally, as also on the east slope and (abundantly) on the summit plateau, from 
which last it had probably spread by wind carriage to the north and east slopes. 

The southern slopes ( 11 , 17 and 18 ) were all poor in species, but so were 
the north slope of Butser Hill ( 16 ) and the west slope of War Down (13) and 
we can scarcely draw conclusions as to the effect of aspect from these data. 
The list for the east slope of War Down ( 19 ) contains by far the greatest 
number of species, but this is no doubt partly due to the fact that this slope 
was more thoroughly and persistently explored. It was however undoubtedly 
richer than the other slopes, and when we remember the richness of Chalton 
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Down and, to a less extent, of Chalton Peak, whicli also have eastern exposures, 
it would almost look as if this was the most favourable aspeet for eluiJlc ,i,q'a,ss-" 
land. Such a conclusion would not be unreasonable when we cuiisider I bat, 
south and west slopes are more liable to sutler from desiecuit ion. ati«i that 
on steep north slopes mosses are rather favoured at the* (^xfieiise of flowerin^r 
plants. But much more extensive observations would be necessary hefort* 
any certain conclusion could be arrived at. ' 

Table IX. Soils of ITnr Down {Armhfsts (f air-drf^ soil). 

Loss of Total 


Exposure a.ii.d 
slope 

l>epth of 
sample 
iu em. 

air-dry 
soil at 
iOO'^ 

L<‘».ss on 
ignition 

carbon- 
ates f:ts 
CaLOjj 

(WO 


KW.) 

Insoluble 

residue 

pll 

N 30‘" 

2sWlS 

6*9 

24*4 

33-9 

21*0 

U-3 

0*15 

2!t5 

8*0 

Summit (N) flat 

0 - i>-r> 

10*35 

42*25 

0*76 

■ 2*9 


0-18 

IS*3 

1**9 

^9 

2*5-10 

9*9 

39*0 

0-96 

3*3 

0-9 

0*13 

47*‘a 

7*fi 


Table X. Flora of different exposnres on War Down and False r Hill, 

War i>o\viii 




Slr.| 



Siiminit 

Bailser Hill 


k‘ 

8. 

E. 

W. 

N. 

■■'"V 

S. 

X. 

8. 

s. k 


10 

11 

12 

13 

14 

15 

16 

17 

18 

Achillea iniilefoliiim 

o. 

— , 

o. 

— 

0, 

1. 

o. 



Aurustis iilba 


— 

o. 

— 



— 




A. tenuis 

o. 

la. 

a. 


f. 

a. 

I.a, 

1 


Aiillioxjinthum o<hu*atum 


f'i. 

tt. 

o. 

o. 

f. 

o. 

....... 


Arrheualherum eiatius 

— 


— 




a. 



Aspm’ula. (*ynancliira 

1 

f. 

f. a,. 


f. 

f. 

f. 

L 

a-. 

Avejia, pralcusis 

Oi 

— 

\JK 

a. 


o. 

a. 

f. 

a. 

A. pu})eHceus 

— 


— 





0. 


f. 

Beilis peretinis 

— 


o. 


u. 

o. 


o. 


Bri'/.a medlar 



o. 

f. 

re 


l.K 

o. 

o. 

( Wlluna vulLUiris 

— 


■ — 



a. 



— 

(Wmpauula. rotuiidifolia 

f. 

a. 

■ o, f. 

f. 

f.- a. 

1. 

f. 

1 

f. 

Oanev flae<‘a 

a. — v.a. 

a. 

A', a. 

a. 

v„a„ 

a. 

V.a. 

v.a. 

a. 

(*. jU’a(‘eox 

o. 

0. 

o. 

o. 

1 

la. 


r. 

La. 

(.’a,rlina vulnaris 


o. 

o. 

If. 


o. 

■ ■ 


o. 

(!erastium viiLatum 

o. 


o. 

— 

o. 

— 

— 


— 

Cirsitim aeauK* 

L 

a. 

f.—v-.a, 

. a. 

■ a. 

la. 


f. 

a. 

(’. laiieenlalum 

1 


r. 


— 

— 

r. 


— 

V. ])alusire 

— 

— 

-- - 


— 


r. 

— 


(linopodium vulgare 



r 

— 

— 

— 

— ■ 


— 

Cynogl* (ssum otfa'inale 

— 


■— 

■ — 

— 


r. 



Oynosunis (.‘ristatus 

— 

f. 

a. 

— 



— 

— 


Dat'tyli.h glomerala 

V. 

— 

1. 

■■ 

■ ™ 

— 


— 

— 

Daueiis <'arota 

— 

— . 


o. 

— 

— . 

— 



Euphrasia nemerosa 


o. 

0.--4. 

1 

f. 

o. 

— 

o. 


F<‘Htm*a, ovina 

v.a. 

v.a. 

v.a.-oJ 

L a. 

v.a.- d 

a. 

d. 

d. 

i:i 

Oa,lium (*reelum 

1. 

. 

1. 


— 

f. 

— 

r. 

— 

( h verum 

0, 

— 

o. 

— 


— 

*'..e 

— 

< lentiaiia amareila 

o. 

— 

r. — o. 

r. 

— - 

■ — 




]li(‘ra<*ium ]>i!osella 

i.a. 

— 

la. 

a. 

a. 

o. 



1. 

Holcus lanatUH 

— 

— 


— 


o. 

— 


— 

Leonto<lon autumnalis 

o.. 

t 

o.~— a.. 


o. 

f. 

— 

— 

0. 

L. hispidus 

o. 

— 

■ 

a-. 

■L ■ 

o.. 

i 


o. 

■ o. 

Linuiu eathartieum 

t ■ 

o. 

o.— -f. 

■ 

f. 

f. 


■ a. 

Lelium pereune 

— 


1 

— 





' — - 

Lotus coniunilatuH 

v.a. 

f.-'- i.a 

. a. 

.f. 

a. 

' a. 

o. 

a. 

a,.. 

Medicago lupniina 

— 


— 

— 



o. 

o. 
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Table X {continued). 

War Down 




Slopes 


Summit 

Biitser Hill 

A 


N. 

S. 

E. 


N. 

S. 

r 

N. 

S. 

S.E. 


10 

11 

12 

13 

14 

15 

16 

- 17 

IS 

Myosotis arvensis 

1. 


1 

— 

— . 

— 

— 

— 

— 

Phleiiin pratense 

— 

— 

0. 

— 

— 

— 

— 

— 

— 

Phyteuma orbicxilare 

— 

— 

i. 

— 

— 

— 

— 

— 

. — 

Pimpinella saxifraga 

— 

— 

o. 

— 

— 

— 

— 

— 

— 

Plantago lanceolata 

0.— f. 

— 

f. — a. 

f. 

0. 

f. 

— 

f. 

— 

P. media 

— 


lo. 

— 

— 

— 

— 

0. 

— 

Polygala vulgaris 

— 

o. 

0. 

0. 

o. 

— 

— 

0. 

0. 

Potentilla erecta 

— 

. — 

— 

— 

- — 

o. 

— 

— 

— 

Poteriiim aanguisorba 

— 

— 

— 

— 

— 

— 

— 

s.d. 

. — 

Primiila veris 

o. 

- — 

r. — 0 . 

— 

— 

— 

— 

r. 

— 

Prunella vulgaris 

o. 

f. 

o. — 

— 

— 

— 

f. 

t 

0. 

Baiiiinciiliis biilbosn s 

r. 

0. 

o. 

0. 

— 

— 

0. 

0. 

0. 

R. repens 

— 

— 

r. 

__ 

. — 

— 

— 

— 

— 

E-umex acetosa 

0. 

— 

0. 

— 

— 

— 

— 

— 

— 

Scabiosa columbaria 

__ 

— 

o. 

— 

— 

— 

— 

— 

— 

S. siiccisa 

— 

— 

la. 

— 

— 

— 

— 

— 

— 

Senecio facobaea 

0. 

o. 

0. 

— 

0. 

r. 

f. 

0. 

0. 

Taraxacum erythrospermum 

— 

— 

— 

— 

— 

— 

r. 

— 

r. 

Thymus serpyllum 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

a. 

Trifolium pratense 

— 

— 

0. — ^f. 

1. 

— 

0. 

— 

— 

— 

T. repens 

0. 

0. 

0.— 1. 

— 

— 

0. 

— 

— 

— 

Trisetum flavescens 

— 

f. 

— 

f. 

— 

— 

— 

— 

— 

Urtica dioica 

1. 

— 

r.l. 

— 

— 

— 

— 

— 

— 

Veronica arvensis 

L 

— 

r. 

— 

— 

— 

— 

— 

— 

V. chamaedrys 

•o. 

— 

0. 

— 

o. 

— 

0. 

0. 

— 

V. officinalis 

— 

— 

— 

— 

— 

— 

G. 

— 

— 

Viola hirta 

l.a. 

0. 

f.— La. 

— 

— 

— 

— 

— 

f. 

V. liviniana 

0. 

— 

o. 

— 

— 

la. 

o. 

— 

— 

Totals 

34 

23 

52^ 

23 

24 

28 

26 

26 

22 

Comus sanguinea 



r. 















Juniperus communis 

— 

o. 


— 

— 

— 

— 

— 

— 

‘Rosa canina 

Totals 


2 

r. 

1 





■ 


Brachytliecium purum 

a. 

f 

a. 

f. 

a. 

a. 

f. 

f. 

a. 

Camptotliecium lutescens 

a. 

f. 

a. 

f. 

a. 

f. 

— 

a. 

a. 

Bicranum scopariiim 

a. — v.a. 

la. 

a. 

1. 

a. 

a. 

f. 

— 

— . 

Pissidens adiantoides 

0, 

— 

o. 







— 

r. 

— 

P. taxifolius 

— 

— 

— 

0. 

— 

— 



— 

— 

Hylocomium splendens 

v.a. — Id 

. — 

Id. 

— 

0. 

1. 

a. 

— 

— 

H. scpiarrosum 

a.~-l.d. 

— 

a. — ^l.d. 

— 

— 

— 

f. 

■ — 

, — 

H. triquetrum 

a. 

— 

a. 

0. 

o. 

o. 

a. 

a. 

— 

Hypnum chrysopliyllum 

— 

— 

0. 


— 

— 

— 

— 

— 

H. cupressiforme v. elatum 

f. 

— 

f. 

— 

f. 

— 

. — 

— 

__ 

H. euspidatum 

0. 


0. 

— 

— 

— 

_ 


— 

H. molluscum 

a. 

— 

f. — a. 

0. 







f. 

f. 

Neckera crispa 

0. 

— 

o.— f. 

la. 







0. 

a. 

Rhacomitrium lanuginosum 

L 



1. 



la. 





■ 

_ 

Thuidium abietinum 

f. 

0. 

f. 




0. 

o. 

— 


T. tamarascinum 

0. 

— 

0. 

— 



— 

— 

— 

— 

Tiichostomum tortuosum 

— 

— 

— 

— 


— 

o. 


f. 

Prullania tamarisci 

la. 

— 

o. — -la. 

__ 

La. 

■ 

— 

— 

— 

Cladonia fimbriata 



f, — La. 

La. 

f. 

v.a. 

1. 

L 

' 

1 . 

C. furcata 

— . 

' 

' 



v.a. 

i. 


. 

■ ■ ^ 

C. silvatica 

^ , 

■ 




v.a. 

1 . 

\ 

___ 

' 

Peltigera canina 


__ 

0. 

— 



■ . — : 


o. 

Totals 15 

5 

18 

8 

11 

9 

8 

6 

7 

90 species in all 

49 

30 

71 

32 

35 

37 

34 

32 

29 



211 


A, (,1. Tans'Ley and R. S. Ammsm 

Tlie two STimmit areas listed (14 and 15), separated hyaljoiii liilO iwd’.reH, 
show iloras wliieli on, the whole correspond |)rettv elosely-'-a fji.tlier jH>or 
chalk ,£^Tassland Hora with an admixture of other elements, the loeal a!>ii!if lane«* 
of Bhaeomifrinm on the former {800 feet) and of CaUuna cm tlie lalOo’ |70o feel 
alt.) being tlie most iioticeable floristie diflerenoe. The turf of ifie latter are;i 
is more compact owing to more persistent rabbit nibbling, and it contains a 
few extra grasshind species, such as the two Tri-folia, //n/Za/c /vea/a/, //o/rvov 
PoleiitBla ereefa and Fro/n rZiabcZrom,- wliile the former lta.s more 
bryophytos and lichens. The high lying summit of War Jbnvn. fully exposed 
to the prevailing moisture-laden south-westerly winds, would doubtless show 
a specially liigli rainfall and relative humidity during tln‘ frtM'pienf wmitlier 
periods of soiith-w’esterly type. 

The soils of these two flat areas appear to be similar, chalk lumps ricciiriing 
at no great depth— 4 inches in one and 3| inches in the oi'ln^r area, 

F. The effect of eabbits. 

Tt appears that the excessive raiiiti|)licati<>n of ralibits in certain places 
on the Downs lias only taken place witbin corri|>arati\'ely recent years, and 
that it is mainly f]u‘ n‘snlt of definite preservation <»r the fornnilion of rabliif 
warrens for purposes of sport. The oi-fairnmce of raldiits in great nnmbiU's 
is in fact quite local, and the animals (lo not ii<)riiialiy trtivel far in st*arc!i of 
food even w,hen it has become exeeedingl}' scarce in the imturaliate mugliboiir- 
hood of thei.r burrows, fl^hus at a distaiif'e of .1.50 to 2tl0 yjirds from a. hirge 
aggregation of bui'rows, round which for some yards the* \'egetati<m[ is eoni- 
pletely dcsst roved, there is little sign of rabbit attack. As they mull i ply, of 
course, the animals liave to go further for their food, but they nevtu* go furtlier 
than tiny ikmmD. 

Tlie incidence of rabbit pressure on the vegetation thus \a:iries fr<.,Hn |.>lacii 
to pla(*e, and also from time to time, as the rabbits are preserved or are 
systematically trapficd. Sliooting alone does not effect more Ilian a lempora.ry 
reduction in their numbers. 

The lierbagt* of a good sheep pasture, not too Inuivily grazed, varies 
according to soil and water content from about 2 to 4 inches (5 to 10 (un.) in 
height. Anytliiiig like heavy rabbit attack .reduces tln» herbage to a height 
of (or say 1 to 2*5 cm.), and ruins the pastunage* for shetqc Sheep and. 
cattle of course eat off the seedlings of woody plants, Imt they do not commonly 
graze right up to bushes, so that in the near .neigh la mrhood of tfiese the 
herbage grows taller and woody seedlings may establish tliemHe!vt\s. 

This in a|>|Koent!y cjficii the eawne of the frequent alteruaii# m on *‘oiinuon ^raziiiij laisd of 
clumps of hushes with closely grazed pasture. If sc>.me4»«steM have eslahlislsed t.hemseh'es n,t a 
time when past.uragu' is in alieyance or is inBignifleant* they will eoidimse to grow ami iiiereiise 

^ Cf. Farrow, E.,F. On the donation of vegetation round rahhit htirrows iu Breelilaiid. 
This JorawACj'S, 1017» pix 


U,.^2 
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by the foranation of chimps round the original bushes in spite of grazing, though they cannot 
colonise the area generally. Thus the sharp alternation between two different types of vegetation 
origmates and is maintained. An example of this has been observed adjoining an old neglected 
plantation on Cisslniry Hill in the central Downs of Sussex. In 1885 an area here was covered 
with rough herbage among which were numerous young plants of Ulex europaeus and Ligustrum 
milgare (Ld.) with Gralaegus monogym, Pnmus spinosa and Ilex aquifolmm. Thirty-five years 
later this area bore dense clumps of bushes 2 or 3 metres high, consisting of these species with 
Vibur7iuM kmtana, Samibums nigra^ Ruhiis spp. and Lonicera periclymenum. Between the chimps 
were tracts of pure, fairly closely grazed grassland. Close round each clump was taller herbage 
with some woody seedlings. This is a good example of local differentiation through the action 
of tlie biotic factor. It is noteworthy that the bulk of the w’-oody vegetation was spinose, and 
ail but one species had fleshy fruits, i.e. were probably bird sown. 

Blit ill a heavily rabbit-attacked area the rabbits not only shave the 
herbage close to the ground but nibble the bushes themselves up to the height 
they can reach. The edge of scrub or woodland in such an area has a charac- 
teristic clean cut appearance with a sharp lower limit to the foliage of the 
bushes, about 18 inches (45 cm.) above the ground, and bare soil under and 
immediately round the shrubs, a glance at which at once betrays the presence 
of rabbits in great numbers. 

It does not appear that moderately heavy rabbit attack has much effect 
on the floristic composition of chalk pasture, though it makes the establish- 
ment of woody plants completely impossible. A sample of a rabbit infested 
area shows much the same list of species as one in which rabbits are scarce 
or absent. A comparison of the lists on pp. 196-199 outside and inside the 
Downley enclosures will show the plants which do not exist, or are at least 
very hard to find on a rabbit attacked area, but which appear within a few 
years when rabbits (and other grazing) are excluded. The competition of the 
new comers, however, soon alters the balance of the vegetation, apart alto- 
gether from the arrival of woody plants. 

On steep northern exposures and other places shaded from direct insolation 
the existence of heavy rabbit attack does however alter the vegetation very 
markedly, as already described on p. 208. Here mosses are generally especially 
prominent in the herbage, and these the rabbits appear to neglect altogether, 
while nibbling down the flowering plants. The result is that the mosses, 
especially the Hylocoinia, become dominant, though a variety of the common 
chalk grasses and herbs maintain themselves, protected by the tufts and 
carpets of moss, through which their shoots grow. This is well seen in the 
list (p. 210) from the steep northern escarpment of War Down, and it is also 
seen on the Downley “ A” area close to the edge of the wood, as well as in 
other places in Sussex on the main escarpment of the Lower Chalk. 

There are also a certain number of flowering plants normally refused by 
rabbits, but none of these appears to he a constant constituent of chalk 
grassland, though some occur here and there. On the flat or gently sloping 
summit of Holt Down for instance ( 20 ), where neither soil nor flora is that of 
a chalk down (see list on p. 219), there is a large area of rabbit warren, and 
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ill this most of the herbage is very severely eaten down. Tie* following 
were foiiiicl to be untouched: Benevio jaaohivn, (^hrhinha 1\ er/ooe 

scomdoma (these three were the commonest untouched fhifd^J: idiini 
Verbasmm thapmis, Erythraea centaurium, Cynoylos^nm o///fvhf//c. / '//‘.so/a* 
arvense, C. kmceohlumd. Of the chalk grassland “conslants** m-/- 

pylhmh seems to be relatively immune, and probahly (dr,<una 

t^dieii rabbit attack is very heavy indeed, however, the flora iitv 
poverished, and, especially on fairly steep slopes, the soil is o|ieiit‘d to ersKimi, 
the vegetation/being completely This nornudly liappt-iis iiitiindiafoly 

around the burrow complexes on a hillside, l)iit more extensive exjiinpfes wete 
seen on the east slopes of War Down, in the eastern eooinbes of tlie I bitter 
Hill massif (PL VI, Fig. 3), and on the north side of Wiiidniill Hill fiieur 
Chalton) (PL VI, Figs. I and 2). The last case was exainiinnl in ,-oine detail. 

Windmill Hill (19). Even on the upper part of tin-* uortli slopt* of t!ii> iiill. 
where the declivity is not more than 12''^ or ir>\ a, gn*a.t flea! of suil n tliii.- 
exposed, more than half the area in many places being euinpliOfly !ssre«i. 
Moles (Ealpa CHropea) add to the destriietion by turning ujt lonr.t' snil ini\<*d 
with ium|)s of chalk Irom the siihsoil, and tln^ rain waidwr- tin* 
constituents away a,nd disintegrab‘S the ehalk, so ihat, tin* Mifi.Mr beronn-, 
<*overed, largely or entirely, with small elialk frag}nents*v Tin* Inne while 
patches' thus formed show up on the hillside from a. great distance away. 

Lower down the hillside, where the slo|>e is steeper {20 gb ai! area 
30 111 . . lorn, round a collection of burrows is t*ntiri‘l\ rov«‘red wilii ifiis 
loose chalk. Scattered in this weri:wplants Vrlica dhilnu Neeere^ 
and Atropa bellad^mna^ standing up tail and conspieiious In an tin- bare chalk, 
and nearly all ({uite luilouehed by rabbits (PI. VI, hig. i). A b w plani^ of the 
Deadly Nightslunle were !>a(l!y attacked, some of the stems bring lialf gnawed 
through, and a few of 'he Kagworts were also niblihuL Jlert* and there were it 
few seattert‘d plants of Hedam aerc, Armatrla setpyllljoiia (Id. \'l. Fig. 2), 
Cerasfinm rnUjnfnm and Mynsolis arvensis, aJl (piit** uiitojirhed. A little to tin- 
east of this completely bare area, is a steepsid,ed cocunbe with tlie degenerate 
remnant id an old beech wood. Here also the soil is prai'tieaJly imked over an 
acre or so of the valley side, though with a more nunn‘rou>. flora of s<‘atlered 
plants — all rabbit a.ttacked except Uftica dioiaa and NVilu/ooe daimmara. 

Tlie following lists illustrate the degeneration of the vegel.a,iioii as a. re.'iilt 
of tile rabbit attat*k. Tln^ first gives the spe.eies ticeurring on a. lypicai area, of 
two s(j_uare metres near the top of the hilL with a very slight >fope t«» t In* north, 
at a distance of perhaps 80 metres from the nearest rabbit burrow eoniplex. 
The turf is very lieavily rabbit-eaten, the herbage not exfa'cdiiig 2 cm. in 

Farrow, op. rlL p. H, giveB Solamim nigrum^ Oomum f 'rfica flieiVc, uini //. 'fo w-' 

as the only pianls he found coiiipletely imtouehed. in the rabbit waiTen on OoTuhaoi I feat Is in 
Bive.kiand, 

It would be iniereHting to determine whetheT abiindanoe'of iiiofeH U (dim euricluted wdli 
abimdauee of rabbiiH, as it seemB to be in this area, and, if ho, the eauses of the oorrelatiou 
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heiglit, but still continuous. Only eight species of flowering plants occurred 
on this small area : 

Agrostis tenuis r. Prunella vulgaris f. 

Euphrasia nemorosa r. Kanunculus bulbosus o, 

Festuca ovina a. Taraxacum erythrospermum o. 

Lotus cornioiilatus a. Thymus serpyllum f. 

In the immediate neighbourhood there were, in addition, Senecio jacobaea, 
Heluvntlienvimi vulgare (l.d.) (known to be usually refused by rabbits), Galium 
verwm and G. erectum (believed to be relatively unpalatable). This is of course 
an exceedingly poor flora for chalk grassland even when rabbit eaten. For 
instance there were 30 species of flowering plants on one square metre of the 
Downley ‘‘B’’ area in 1914, and 24 on two square metres of the north-east 
slope of War Down in the same year — both areas considerably rabbit eaten, 
while on the most severely rabbit-eaten slope of Butser Hill (herbage 1*5- 
2'5 cm.) there were 22 species of flowering plants on 12 square metres, which 
would certainly give more than eight species on two square metres, though it 
shows the nearest approach to the Windmill Hill conditions. 

The soil was comparable in depth with that of the “primitive” chalk 
grassland near Buriton Limeworks (a, p. 184) but was different in nature. 
The top 1-| inches (3*75 cm.) was a brown loam (D 2), densely matted with 
roots. Below this was 2 inches (5 cm.) of similar loam (D 1) mixed with small 
chalk lumps, resting on partly disintegrated chalk in situ with brown soil in 
the fissures. 

Table XI. Analysis of Windmill Hill soil. 


D2 D1 D2 Bl 

0-3-75 cm. 3-75-8-75 cm. 0-3-75 cm. 3-75-8-75 cm. 

(0-1-5 inches) (l-5-3*5in.) 


Water lost on air drying 

27-4 

24-2 

K^O 

MgO 

•425 

•300 

Water lost at 100® C. 

6-4 

4-7 

•500 

•092 

Loss on ignition 

7-27 

31-4 

CaO 

20-30 

26-12 

Total carbonates 

36-2 

44-0 

Insoluble residue 

32-6 

23-0 

Nitrates as NaNOg 

P 2 O 5 

•0067 

•312 

•0038 

*178 

“ Lime require- 
ment” 

Nil 

•015 


Though still a highly calcareous soil, with a distinctly high lime content 
in the top 1| inches, this is decidedly more leached and contains more humus 
than the Buriton Limeworks “a” soil, and it is noteworthy that its humus 
content is much greater in the lower layers. It is probably an older soil, be- 
longing to a later stage in the succession than the Buriton Limeworks “ a” soil, 
and we can only suppose that its surface layers have been impoverished in 
humus by persistent severe rabbit-attack diminishing the supply of humus- 
forming material. The presence of Agrostis tenuis and Prunella vulgaris, in 
spite of the very small number of species, probably mark the difference of age. 
Figs. 10 and 11 show profiles of this herbage and soil. The diminution in size 
of the plants and their parts, and the shallowness of the general rooting are 
seen to be very marked if Pig. 10 is compared with Pigs. 2 and 9, which are 
drawn to the same scale. 
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Fill. 10 . Fi«:. n 


I%l. 10. Wiiidoiill iiiii (19), pruiiltj of ainl Boil in very .s<tv«‘r<‘l\ rabOil « afm afr.i, .S pt. 

1020, .somewhat diagramruaiie. llerham' under 2 eiii. high. Ftslm'n er/ief, Luin.s rm-ii.r.nhda.-i, 
Thijiuus .sY77i////;/w, Phtnhitjo lamudahf, Pruudki vnlijaris 0 I rm. hruivn loam dmsi ly 
matted with ryots; 4-0 cm. soil inived witli chalk hiinp^* 

Fig. il. Windmill Hill, profile of herbage and .soil, drawn on a larger si-jilt.*, from aiititli(;r s|)ot' 
under the same general eomlitions. Chalk lumps stop .siiade at 10 cm. 

.Note tlie great reduction in the size of the slioots and leaves «;ind. tin.' sliaiiow' ge,iiej‘al 
stratum a.s compare-d with Figs. 2 and 9. 

Passing now to the senii-bare areas nearer the rabltit burrow eo!iipk‘xes, 
w^e fi.nd a sharp differentiation between the flora of the islands of f.iirf ami 
that of the loose soil bared by the action of 'the rabbits ami moles. 


( 1 ) Species oemrrmi in turf still remaidiufi. 


Agro.stis tenuis 

0 . 

Hieradum piloselia 

1 . 

Anthoxanthum odoratum 

o. 

llylcus l.uiatuH 

o. 

Asperiila ey nane h iea 

-f. 

Lotus eorniculat us 

f. 

Campanula rotundifoiia 
Cc'castium vulgatum 

■■' 0 . 

Flaatago laneeolata 

o„ 

0 . 

Pyterium .sanguisorba 

.r. 

Cirsium palustre 

o. 

Taraxacum erythrys|iermimi 

o. 

Euplirasia nemorosa 

t>. 

T. officinale 

:r,. 

Fe.sti'ica ovina 

1 — Id. 

Thymus Hcrpyllum 

i 

Galium erectum 

o. 

Veronica chamaediys 

i 

G. verum 

HoHanthemum vulgare 

o. 

ha.— Id. 

Viola nviniana 

,r. 
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( 1 ) Species occurring in tuj'f still remaining [continued) 


"^'Cainptotheciuni liitescens l.a. 

Bracliytheciuni piiriim l.a. 

Fissideixs taxifolius o. 

Hyiocomiiim triquetrum o. 


Bryophytes 

*Hypnum moHusciim 

LopFocolea bidentata 


i 

o. 


(2) Brgophytes in dismtegrated turf on margins of turf ''islands.^^ 


’‘'Barbula cylindrica 

0. 

*Hypnum chrysophyllum 

La. — l.d. 

B. fallax ' 

0. 

*H. molluscum 

If. 

Bryum pallens 

r. 

Folytrichum piliferum 

0. 

*I)itrichiim flexicaule 

l.a. 

fTortula riiralis 

Lf. 


(3) Species on hare soil with chalk lumps partially covering loam. 


Arenaria serpyllifolia 

v.a. 

Rumex acetosa 

f. 

Atropa belladonna 

o. 

Sambiicus nigra 

r. 

Cerastium semidecandrum 

0. 

Sedum acre 

v.a. 

C. vulgatum 

0. 

Senecio jacobaea 

a. 

Cirsium lanceolatiim 

0. 

S. vulgaris 

r. 

Cynoglossiim officinale 

r. 

Sonchus asper 

0. 

Myosotis arvensis 

f. 

Urtica dioica 

1. 

Beseda liiteola 

r. 

Veronica arvensis 

0. 


Calcicole. f Slightly preferring lime, according to Watson. 


Of these three distinct communities ( 1 ) the turf plants show an impoverished 
list of a fairly advanced chalk pasture, but with some open soil species, and a 
marked poverty in grasses, (2) the disintegrated margins of the turf islands 
bear a collection of mosses which include a proportion of calciphilous species, 
but of which Polytrichum piliferum usually at least occurs on non-calcareous 
soil, while (3) the bare soil shows a scattered collection of plants none of which 
is a constant constituent of chalk grassland, though a few occasionally occur 
in it. Most of these plants which had colonised the bare soil were quite un- 
touched by the rabbits. The conspicuous feature was the abundance of 
Arenaria serpyllifolia and Sedum acre. 

Figs. 12 to 15 represent the root systenos of isolated plants on the bare soil 
described. There is a suggestion of two strata of maximum root absorption, 


Ca/mJ\tQfh^CtA4e*H 

^ CkaUk 

rhx>%c koif 
C<rv^^<i Sod 



pjOrWxLPX^ Sot'l 

Un'iti 

^0(3 o'’ 

£ kaiM< tti 

S(f\t 


Fig. 12. Wind- 
mill Hill, profile 
of area destitute 
of turf. Slope 
about 15®. Arm- 
aria serpyllifolia 
with vertically 
descending root 
system with ac- 
tive rootlets at 10 
to 30 cm., and 
\‘9 C amptothecimn 
lutescens. 

n 




Fio, lo, Windiiull HjII. StHrmt jitr^^hm'n 
fro.ni. bare area, «!iowiis,ir o»e reyt follow iivj 
the slope of the Hull liplitll, witli abMirbiiitj; 
system fu-ll! eiii. fruiii sfirfaee, ilefow' is 
shown another rout of the Haine plant, at 
right angies to the first, running aliiioHi liori* 
zontaOy for iftfem. at a depth of to rieiiL 
and then heinling stt.eply do^^iiswarils ami 
giving of! laitirak profiiw'Iy at 21) to thleni. 
from the 
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one at about 2 to 6 inches, the other at 8 to 12 inches and over (Kg. 15^ 
lower drawing), but the data are not sufi&cient to enable any safe conclusion 
to be drawn. Figs. 13 and 15 (upper drawing) also suggest that the main stem 
or stock of the plant has been forced down the slope (which might be quite 
possible in the loose, powdery soil), and that the roots “left behind” have 
afterwards developed further in the surface layer, horizontally or at a slight 
angle below (Fig. 13) or above (Fig. 15) the horizontal. But again the data 
are insuflficient and the direction of root development may be determined 
entirely by the distribution of water supply. 

On the steep (east-facing) slope of the adjoining coombe there was no turf, 
and large tracts of soil were covered with chalk fragments quite bare of plants. 
The following flowering plants occurred: no bryophytes were met with. 


AnagalUs arvensis 

o. 

Plantago media 

L 

Arctium minus 

.1 

Reseda luteola 

0. 

Arenaria serpyliifolia 

i.a. 

Sambucus nigra 

. If. 

Asperula cynanchica 

1. 

Sedum acre 

f.— La. 

Atropa belladonna 

o. 

Senecio jacobaea 

f. 

Campanula glomerata 

r. 

Solanum dulcamara 

La. 

Girsium lanceolatum 

0. 

Sonchus asper 

0. 

C, palustre 

o. 

S. oleraceus 

0. 

Festuca ovina 

1. 

Taraxacum officinale 

r. 

Galium erectum 

r. 

Teucrium scorodonia 

1. 

G. verum 

r. 

Urtica dioica 

f.™ La. 

Heliantbemum vulgare 

La. 

Verbascum nigrum 

1. 

Leontodon autumnalis 

r. 

V. thapsus 

1. 

Myosotis arvensis 

f. 



Here, in addition to 

a few chalk pasture species, there are 

a majority of 


open soil plants, ten of which occur in the last list, the relative abundance of 
Arenaria serpyllifolia and Sedum acre again being noticeable. Urtica dioica and 
Solanum dulcamara were the only two species absolutely untouched by rabbits. 

The occurrence of Teucrium scorodonia is interesting. This plant has rather 
the reputation of being a calcifuge and doubtless the immense majority of 
individuals of the species in this country occur in light soils very poor in lime, 
but here it grows on soil containing an enormous proportion of calcium car- 
bonate. Nor is this an isolated instance. In a similar heavily rabbit-attacked 
locality on Butser Hill it grows in sheets rooted in practically pure chalk, and 
it has been observed in the same habitat elsewhere on the South Downs. It 
is also a characteristic species on dry rocky limestone slopes in the ash woods 
of Derbyshire and West Yorks. 

G. Geassland on deeper non-calcaeeous soil overlying the chalk. 

The soil of the Downley “B” area is a good example of a comparatively 
shallow soil (8 inches = 20 cm.) overlying chalk, which shows the effect of 
leaching and humus formation in a marked degree. The arrival of Calluna^ 
in fact, suggests the formation of a chalk heath, though the advance of wood- 
land would quickly overtake it. It has been shown by one of us (Adamson, Z.c.) 
that the plateau and dipslope of the chalk in this region bears a series of woods 
whose vegetation reflects the increased depth of non-calcareous soil very 
closely. The Downley ‘"A” grassland corresponds with Adamson’s “Beech- 
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woods on Chalk’’ and Calcicolous Coppice” (Watt’s ‘Csen* 1"), the 
grassland with Adamson’s Transition Coppice*’ and ‘‘Mdatcaii Beecinvood, “ 
(Watt’s “sere 3”), 

The grasslands of the deeper, relatively nomc.aleare.oi.is, soils c^verlyitig the 
chalk have not been given much attention, but it may be inte.restiiig to add 
lists of the vegetation of two such areas: (20) the extensive ilat: siiiiimii rd 
Holt Down (alt. 500 feet) which is used as a rabbit wa,rreii slid the vegeiaCHm 
of wliicli is severely eaten down (see p. 213);. and (21) an area, of gra-sslaiid in 
the valley between Holt Down and Wi.ndmill. Hill, wliieli is pastiiri'd but iw>t 
severely rabbit eaten. Both are deep loam soils relativ».ly poor in lijiie, the 
latter (21) consisting of 10 to 12 inches (25-30 cm.) of uniform light brow!J 
loam showing the following constitution: 


V(dley grassland, (21) sample uniform light hrnwu loam 

without ehaJlk lumps. 


Lows oil air drying 27-0 KoO -a2:i 

Lows afc mm C. 4-7 *201 

L<,>ss on ignition (ViO a‘2l 

Total rarb<)na.t(‘w 4*a lriso!iil4(,* leHidiie 07 0 

Niti’atowas NaNO-j *0045 '\Liino ro..ii.d«aiterit’' - It) 

iLt). -no 


It will be seen tiiat this closely resembles tlie Dow,!il.ey “ 'B““ soils, but- with 
markedly less carbonates and markedly more liu.mns, tlii.s fraclitm lieing as 
high as in many woodlands. The area is evidently an. old. |„Kistiire !tot. i„n.r'' 
poverished by rabb,it attack. 


Table XII. Lists of flora, Holt Down fW) mol adjueent vaJleg (21). 


Achillea inillefolinin 
Agrowtis tenuis 
A n tho X an t h 11 rn od« >ra ti im 
Beilis perenniw 
CalluTiii vulgaris 
Oainpauida glonn'rata. 

(4 rutundifoli.i 
(!arduus nutans 
Carex earyoph yllea 
C{* rast i u in v 1 1 Igati i in 
Cirsium acaiilc 
C. arviaisc 
C. laiiciioiaiiun 
(J. ptilusfcre 
Oy nowurnw erist at us 
Ell phrasia ne.inorowa 
Festiica ovina. 

Oaiiuin saxatile 
(L veriiin 

Hieraciiun piloseila 
H-ohuis iaiiatiiw 
I jeontodi )ii auiu ni nal is 
I./eueantlu-inuin vnigare 
Lotus eorniculatiis 
Luzuia campcisiriB 
Plantago laiicoolafai 
l\ media 


20 21 

0. a. 
v.a. — d. a, — v.a. 

a. a. 

— o. 

1. i. 

— f.— a. 

a. ■ — 

^ {. 

— t 

— r. 

— ■ o. 

■ o. — 

— Q. 


Pot cut ilia lU'ecta 
Prunelia vulgaris 
Man u n e n 1 u w bn i h< is us 
vSagina ju'oe.urnbcnw 
vSenecio ]acoba«*a 
Tara xacu m otliei nuJe 
Tfiynui.s wcMpylluin 
4’nfolium pratense 
T. reprnw 
' 'Veronii;a arvensis 
V. ciia,inae.flryB 
V. o'ffieinalis 
Viola riviiiiana 


20 21 

■ a. 

fK O. 


o„ 

f. 


o. 

o. 




L 

,l,a. 


■o. 


a., , a. 


o. 


o. 

o. 

1 

1 

Tot;aIa 

BllVOPHY'l’US 

28 

29 

v.a. 

a. • 

Bmeliy tlieciiiin pur u n s 

o. 

.f. 

I.a. 

f. 

— 

Dicranum scoparhun 

o. 

L 

f. 

4i'. Btjuarrosnm 

,a». 

ia. 

0. 

1. a. 

H, tr«|uetrum 
. ' Eyptinm eu]m3ssi,fori:m:j 


f. 

i). 

o. 

\mr, elafcuiB 


>0. 

0. 

i^a. 

P(:.)lytrialiuiu' graciic 

iU 

1. 


f. 

P. piliferum 



a, 

1 

o, 

■ a.. 

Trdals 

fi ■ 

5 


r. 

48 «f>eek» in all Toiak 

n 

34: 
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The grassland of both areas was interspersed with clumps of bushes in 
which yew and hawthorn were prominent. Oak-hazel wood existed in the 
immediate neighbourhood. 

An examination of the lists shows that the herbage differs markedly from 
that of typical chalk grassland, the closest resemblance being to that of the 
Downley B ’’ area, but there are fewer chalk plants.” Festuca ovina, though 
still abundant, yields pride of place to Agrostis tenuis. The ubiquitous sedge 
of chalk pasture, C.Jiacca, is absent, the Avenae are absent, while Anihoxan- 
tlmm and Holcus lanatus and Trifolium re2mis are abundant: Potentilla erecta 
is abundant and Galium saxatile appears. The mosses are few, but include 
two species of Polytrichum on the Holt Down area. The lists in fact are not 
chalk grassland” lists at all. 

3. SUMMARY. 

Selected representative samples of stages in the colonisation of bare chalk 
and of pasture grassland on the chalk soils of the western end of the South 
Downs are described. The region covered lies due south of the town of Peters- 
field and extends about three miles from east to west and about four miles 
from north to south. It includes the outcrops of the Lower, Middle and Upper 
Chalk, and bears a considerable extent of woodland (mainly beech) and a 
moderate amount of arable land, in addition to the pasture grassland. 

1. The only plants found establishing themselves on the actual surface 
of living chalk in the only locality studied were the moss Seligeria calcarea 
and a species of Cliroolepus (A, p. 180). Various flowering plants can 
settle in the cracks of exposed chalk. The colonisation of quarry talus and 
spoil siu'faces was examined, and these were found to be colonised by a varied 
collection of plants, mainly open soil pioneers and chalk grassland species 
where the bare surfaces are surrounded by grassland, but including a miscel- 
laneous collection of weeds and marginal woodland plants where arable land 
and woodland exist in the vicinity. Festuca ovina and Garex flacca are pro- 
minent colonists on fine spoil surfaces, together with Tussilago farfara locally, 
and the moss Camptothecium lutescens (B, pp. 180-183). 

2. The various areas of chalk grassland examined are described roughly 
in the order of ‘"succession.” First three very small patches of “primitive” 
grassland (A, pp. 183-186) which illustrate the increase in depth and variety 
of the herbage accompanying decrease in carbonate content of the soil with 
increase of soil depth, humus and water content; then areas of well developed 
typical chalk pasture (B, pp. 186-189) with a deeper soil (the surface layer 
of which is poor in lime) and a much greater variety of plants ; then an area 
of “wasteland” (C, pp. 189-190) into the colonisation of which marginal 
woodland plants as well as grassland species largely enter; and finally an area 
(Downley Bottom) in which rabbit-proof enclosures were constructed, so that 
the effect of the exclusion of this factor (and of all grazing) could be followed 
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(D, pp. 190-206) as shown by elianges both in tlio and in 

the soil. 

Additional lists of species are given from different slope exfiosii res of Wax 
Down and. .Bntser .11111, as well as from the siiniiiiit |)iateaii ef tie* former 
(E, pp. 296-211); the effect of steep northern exposures, part iciilarij in coin- 
junction with heavy rabbit attack, on the balance between imos am! plianero- 
gamic vegetation is brought out. 

The effects of rabbit attack on the vegetation (widesprerifl and li«si.vy in 
this region) are tlieii dealt with generally (.F, pjc 211-21:1) aaid a, particiiliir 
severely attacked area (Windmill Hill) is studied in. some detail (pp. 2l:i-2b'^). 

Finally lists of the species occurring in two arenas fd* grassland rm def*|'i 
soil overlying chalk, but containing o.nly a nioderat<‘ amoiiiil nf liint*. ora^ 
rabbit-eaten and one .not, are give.i:i (0, pp. 218-220) and. compared \cit!i those 
of chalk giNassland. 

4. CONCLUSIONS. 

The general (‘onclnsions are very much what might Imve bei*n f\xpoetiMl 
from the mm'e or h‘ss vague knowledge we already f)oss<.*ss»‘d. 

The first siguifica.nt cadonisation of bare eludk is by 'Whomoplivlosd' fu>i 
'dithophyt(‘s/'' A wi<Ie variety of species can eohmis^* chalk- lalii> asal par- 
ticularly finely divided chalk debris, and whi<h do so di-ppiids larirdy on tie* 
snrroumling vegetation. When chalk grasshinds surromal the bare area 
Fes'O/m ovuKi Cannes at once to tlie.fo.re, and. reniai.ris, in this region, tlie 
typical <lominant or (‘ooloininant of |)asture«i (dtalk grassland. Mosses play a 
fairly prominent part from an early stage, but tin* first {‘olmusts are different 
(largely calcicole) specit‘s from the later ones (largely piirnuL 

and in shaded places species of wliich remain coiistiud cMinst it iMnds 

of matun* grasshnni. In primitiviv ' grassland, i.e. wh(‘!i the sod h shal!4>v and 
contains a very high ptu'ccntage of carbonates, and lit lie htimiis e\'cii in th4* 
superficial layer, tlie variety of species is small aiid j]n*se, both lloweriiig 
plants and !n<>sst‘s. are of xerophilovis type. 

Witli inereasii'ig de|>th of soil and increasing humus aiifl waler-(‘ontent a 
niiicli greatfw variety of herbaceous species a{)pears, and tlie t\^facHl richness 
of the chalk grassland conmiunity is developed. Fesium rfUiiaiiis 

dominant or co--doiniim.nt with Cfirex Jfavem, or at least very abundant', 
equalling or exceetling any other species in quantity. Of other grasses .iro/a 
pralen^i^ is the commonestpwith Triselwm fidvescenH and Arvau 
usually less common. Bmmm ereelm is rare and local in this region, fklza 
media is occasional but pretty widely distributed. Tills <‘ondition is maim 
tallied so long as the la.nd is moderately grazed. The Innhage \'aries from 
2-4 inches (6-10 cm.) in height according to grazing ami water content. 

ModerateH heavy rabbit attack reduces the general height o! the herbage 
to o.Ee inch (2‘5 cm.) or less, but does .not .effect any great cliaiige in tin* list 
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of species present, thongli it injures some species more than others and thus 
relatively favours the resistant species. But on the whole the species of chalk 
grassland, being hemicryptophytes, are able to withstand rabbit attack as 
well as sheep grazing. On steep northern exposures, and where the vegetation 
is otherwise shaded, mosses, especially the Hylocomia, are very abundant, 
and here heavy rabbit attack at once gives the moss vegetation dominance, 
reducing the phanerogamic vegetation to a subordinate position. 

Very heavy rabbit attack which stops short of baring the soil does however 
appear greatly to reduce the number of species. Exactly how this happens 
has not been determined. To obtain an answer to the question it would be 
necessary to study the behaviour of an area of grassland rich in species from 
the time when it was first exposed to the attack. 

Except immediately around burrows, where scratching is an additional 
factor preventing the maintenance of vegetation, it is especially though not 
exclusively on fairly steep slopes that the ground is extensively bared by 
rabbits, especially when aided by moles. Loose soil together with chalk lumps 
is brought up and the soil is washed down the slope by rain, leaving the 
surface covered, partially or entirely, by loose fragments of chalk. Such 
areas are in part completely bare of plants, but are tenanted here and there 
by species which rabbits do not touch or only occasionally bite. The root 
relations of these are interesting. 

In the absence of rabbit pressure and with not too heavy grazing there is 
a tendency to the invasion of chalk grassland by plants not characteristic 
of it. This is the result of increasing depth of soil, both by dissolution of 
chalk below and by the accumulation of humus above, together with the 
washing out of carbonates from the surface layers. Some of these plants are 
species which have a distributional mode on acid soils, such for instance as 
Potentilla erecta and Calluna vulgaris. Of the grasses there are shallow rooted 
forms like Agrostis vulgaris^ which cannot be called characteristic of typical 
chalk grassland, though it is often present and sometimes abundant, and 
Holcus lanatus, which is very local, though where this grass appears it often 
becomes locally dominant. More important are the deeper rooted grasses 
which increase in, or invade chalk pasture whose soil is deep. The Avenae, 
which appear when the soil is still shallow, increase notably, often at the 
expense of Festuca when the soil deepens and grazing is not severe, but 
in this region Avena prafsnsis rarely approaches dominance, as it does for 
instance in enclosure A (the one with the most chalky soil) at Downley. On 
the central and eastern downs, where the plague of rabbits is not nearly so 
widespread and severe the dominance or co-dominance of Avena, praiensis is 
much commoner, though of the taller growing grasses, Bromus erectus (very 
local on the western downs) is the typical dominant in the east. Trisetum 
flavescens is widespread but rarely very abundant and never dominant. 
Dactylis glomerata, while by no means a characteristic chalk grassland species, 
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is a fairly constant niember of the herbage except on the shuilowesl soils. The 
other meadow grasses play little part in this region, and !io areas luive beeii 
met with such as those which often occur on the central and downs, 

especially on the north-facing escarpment, where a consifh‘rable iiniiiber of 
species of tali grasses, those already mentioned, FeMtmi tuhru, Ptm> 
Affhe/rmilienmi daMus^ Dese/mmpsia eaespikmi^ and even Ftsfiun (Piiior, 
alternate or compete for dominance, accompanied by diminution or disappear- 
ance of many of the lower growing species of the typical sheep's fescue. <‘lia!k 
pasture. This is doubtless to be correlated with a much fiiore restrict, ed 
occurrence of rabbits in the central and eastern regions. The western area, 
part of 'which is dealt with in this paper, is a region of large estates with 
extensive woodlands, maintained |)rimarily for the amenities fd tindr owners, 
and wdth relatively little agricultural land. Tlie centre and east are regions 
of farms, where rabbits are not encouraged, and the extensive grasslands are 
treated as an integral part of the farm system. 

Note. The soil analyses, the expenses of wliicli w(‘re defrayed by lb>yal 
Society grants, were carried out partly at the (hmbridge Sehnol of Agri- 
culture and partly by Messrs ATaterfall and OMiricm, of llri.>tol. It should 
be noted that they are analyses of single samples only, a,nd Inive thendooi 
only the value of such determinations. 



HALOPHYTEN- UND XEROPHYTEN-STUDIEN. 

Von BOEIS KELLER. 

(Voronesli, Russland.) 

[Mil 11 Figuren im Text.) 

Unweit von Voronesli liegt das grosse Gebiet des sogenannten Siid-Osten 
Riisslands, wo die Landwirtscliaft einen hartnackigen Kampf urn die Ver- 
grossernng ilires Areals iind die Vermehrung des Ertrags zu fuhren liat. 
Uniiberselibare Landstriclie, ansebnlicbe Staaten von West-Europa an Grosse 
weit libertreffend, sind von der Landwirtschaftlicben Kiiltnr fast nnberiihrt, 
nnd bieten znr Zeit nur ein diirftiges Auskommen einer Nomadenbev5lkerung 
dar. In diesein Grenzgebiete, wo die enropaisclie Landwirtscbaft den Wiisten 
Asiens nabe kommt, ereignen sick oft trockene Jahre, in welchen die Miss- 
ernten den Charakter waliren Katastropben annebmen. 

Es giebt zwei Griinde, die der scbablonmassigen Landwirtscbaft, an welcbe 
unsere Bevolkerung gew5hnt ist, in ilireni Drange nacb Siid-Osten eine Grenze 
setzen: die Dlirre des Klimas und des Bodens, nnd aucb der ofters beo- 
bacbtete, mebr- oder weniger ansebnlicbe Salzgebalt des letzteren. 

Eine bedeutende und babnbrecbende Arbeit stebt der russiscben Agro- 
nomie in dieser Hinsicbt vor; verscbiedene Wege sind scbon vorgezeicbnet, 
auf deren Besprecben wir aber uns nicht einlassen konnen. Wir setzen uns 
das Ziel, denjenigen von diesen Wegen ausfiibrlich zu beleucbten, welchen 
wir in den beiden an der Grenze des Siid-Ostens gelegenen, in engstem 
Kontakte mit einander arbeitenden Versuchs-Anstalten, der Pflanzen- 
okologiscben Versucbstation bei der Landwirtschaftlicben Hocbschule in 
Voronesli und der Abteilung fiir angewandte Botanik der Regionalen Versucb- 
station zu Voronesb aiisgearbeitet baben. 

Diejenige Gesamtheit unserer Eorschiingen, welcbe das Tbema dieser 
Arbeit bildet, war durcb die f olgende Idee geleitet : um die geeigneten Kultur- 
pflanzen ausfindig zu macben, und ihr Besteben an die Bedingimgen einer 
verbMtnissmassigen Diirre und hohen Salzgehalts des Bodens anzupassen, ist 
es notwendig die Lebensverbaltnisse der wilden Pflanzen sicb vor Augen 
zu stellen. Das Studium der Oekologie wilder Pflanzen wird uns Anweisungen 
fiir die Kulturpflanzen geben. Wir miissen desbalb untersucben, wie die 
Oekologie der letzteren und aucb die Eigentumlicbkeiten ibrer Form, ibres 
Banes, ibrer Lebensausserungen seien sollen, um solche Pflanzen fiir unsere 
Ziele nutzbar zu macben. Wir baben scbon ein umfangreicbes Material liber 
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Pflaiizeiiassociatioiien der trockeneii Bezirke RiBslandn (sncfiifiiniie JBdk- 
wiisten iind Wtisteii) zii imserer Verfilgimg mid tiefeiiidringf-iid«} pH‘o1urii« 
timgeii in dieseni ({ebiete: die Ptlaiizeiia>--ouationeii siiid in 

deiien Zeiten ilirei Yegetationsperiode besehrieben, BodeiKiiuilysiai a'!is.g<‘fiihrt , 
die Verteiliing der WiirzelsysteDie in venselnedeiieii Bodeidiorizoiiteii, wir* mieb 
der osmotiscdie Druck in den Assimilatioiisorganen mitensueiit warden ii.s.wn 
Das VorliandeiiseindeslebzdgenaimtenMatcnialsi^teiue Vorbeilintfmm mil 
diirclieine eiiigehende Analyse den Pflmizeiiassociatinnen die e1iiinikiT*ri>i 
okologiscdien Pflajizentypen fiir ein iiionograpliiselies Bt.urliiirii aiisziiw'rdilmi. 
Die aiisgewalilteii Pflanzeii sx)llen monogra.pliisch stodiert <bi wir 

besonderen Wert aiif die Weebselbeziehung der Pflanzeninerkiiiiik* k‘ge!n inn 
die Pflanze als einen pliysiologisclie Masdiiiie zii betraclitei]. Die Xatnr bat 
namlicli niehrere Losimgen fiir dasselbe okologisclie Problem. Weiin man. 
ziim, Beispiel, wie es gewblinlicli in der Literatiir aiiftritt, die «'li'\’'OT‘seii ’Merkmialf* 
verschiedener Xeropliyten ziisammenstellt, so ist es dass(*i!)i\ rils o!i man 
Teile der Mascliinen, die wolil einem Zwerdce dieiien, al:a*r Vi^rseliiedeii giPaiit 
sind, aiif einen Ilaiifen wirft. 

Ini Folgenden sind in einer sebr gedrangten Form einige Ergebnisse imserer 
Arbeit angegeben. 

I. IINTERSIYmiNCtEN ttBEPv DAB H:AIi:>PnYT(:LABBriL\L\LZ 
^^SALWOmiA HERBAaEA L.'’ 

Im. Stid-Osten sind solcbe Salzbodeii verbriatei, deren starker ^alzgelmli 
(meistens an NaCl und Na 2 S 04 ) mit einer intensive?) Ikdeiielitiing (iliireb iuiIkss 
G riiiidwasser oder Landseewasser) selbst wahrend der Hoiiniierhitze ziisam- 
mentrifft. Es ist ein selir storender .TJmstand fiir die Luiidwirtseliaft im 
trockenen Stid-Osteii, dass in denjenigen kleinen .Loral itii ten, wo Wasserliilie 
herrsclit, aucli. eine starke Salzbaltigkeit. stall IliHlet. 

Fiir solcbe starlc ansgeprligte Salz1ii.)deii sind die folgei'if:!e!i zwei, starkeii 
Halophyte n ty pen eh arakteristisch : 

(a) snkknlenti* Salzpflanzen, die eine grosse Meiige leielitloslieher Salze 
in ihrein Zellsafte anhaiifeii; 

{h) nicht siikkiilente Pflanzen, welebe bedentende Quanta derselbeii Sake 
anssclieiden. 

Znm monograpliischen Stndinm war das Glassebmak (AVd/mr/i?Vi Im- 
bacea L.) als ein liervorragender Vertreter des ersten Tyftus erwiiliit. Die 
Pflanze erscheint in vieleii Fallen als ein Aairlaiifer der bidienm Pflanzen in 
sakreiclien Boden. Selbst erfahrene Beobaehter inilssen lifters die kbmie 
Pflanze bewiiiiderm welclie ihr Leben in einein rail, statkeii SakJbsniigeii 
getraiiktem Boden fiistet, wenngleieh weit ininder konzeii trier! e Lr»smigim 
aiif gewulinlicheii Pflanzen schon 

; Das Glassebmak bat sehon die; Anfmerksamlmit y Forseber aiif sieli 
gelenkt und die Idterafiir enthaltv darliber /recht zaib^ Aiiweisioigtm. 

Joiiro. of Ecology X ill 
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Dt^iiiioeh isf die Lobensait dieser iBerfadiKligen PflniixB iinrli wpiiig iH-friniilft : 
die zii iiii.sereiii t»eLot“e stelioiideii \'eiKiiche ^iiid --elir iingeiiiigiiid. find <‘iii 
treileiidoH F/iM des Lcbens der Sfdicorma hcrftfiev^ L. ulrlii zu «iil 
worlVii. 

ir fiilireii die Ergebnisse iiiiserer Versiielie liber da,s llfas^eliiiKik (iiii 
Jalire 1919 aiisgefliliTt) aiif dieser Stella an. 

1. Dip. Tiunspiration END T)iE ArsTRora^Nr 
E . SI . 1) elf bereits gezeigt , d ass die Ye rd 1 1 n sf iin g a 1 1 f d i E i i d ad f- d ( * r 
Oberflaclie bezogen bei dem (Ibissclimalz selir gross ist. mid z. E. diejeiiigt^ 
der craeca libertriftt. Hier tritt .sebon die alte Fragr* aiif oh naidi 

der Aiisiclit von Scliiiiiper eino Verwandtscbaft zwisebeii den Xeropliytcoi iiiid 
den Halopliyten bestebt, oder ob, naeli deir eiifgegeng«:’Sfd'Zteii exiTinnmi 
AusftOiningen z. B. (Jhermezons, den eebten Halopliyten die Slerkniale rb'T 
Xeropliyten in den meisten Fallen fremd sind, 

Uiisere Aiifgabe bestand darin die Eigentiirnlicbkeiteii ib'‘r Traiispindion 
bei dem (ilasscliinalz iind ibre Abbangigkidt von der Ainvesi-nbfdt iiiid dem 
Grade der Yersalzung zii iHdenebten, zn glei^dep Zeii alna* enrii lest zn>.t«dFm 
ob die Filanze sieb gegen das Anstrneknen geniigend zti Meln'lf/jm vermag. 
Die Ergebnisse sind in den folgenden o 1ba!'H*l!en. ziisaanmeiigestcFt: die tn’digeii 
ErkliinHigen sind in <leii B«mierkiinge]t zn einer jedpn TabtBe angegrlam. 
Ausfiibrliebe Angabeii iiber die Aufstellung der \'er,sm*be mir der Saih-ar^n‘a 
herhaeea, von deiunj bier die Rede ist, sind in einer von ineiiicni AiLoifen in 
russiscdier Bpracdie entbalten. (Siebe aiicb Fig, 1.) 

Zu Tabid ie L Die <absoliite Griisse der Transpiration pro Tag fiir die 
versebiedenen Exemplare wiibrend der 'ersten Periodic war iinbedeiifetid; 

deslialb sind niir die Mittelwerte fiir 6 8, res|,). 3 Tage angegc'diim. In zwei 

Fallen sind jeilocdi Angaben fiir einen Tag angefiibrt, wobei zwei nabeliegtmde, 

im. Wetter stark difl’erierende Tage ansgewahlt wareir. der 2rK vii. cdti beissm* 

sonniger, nnd der 28. vii. — ein stark liewolkter, kubler Regeiitag. Am viii. 
war es scboii ni()glic3b die Daten fiir einen einzigen Tag zii hefiiitzeri. Die 
Pflanzen waren damals am hbehsten Puiikte ibrer Y(‘gtdaiionstMitwiekhi!ig, 
nnd gingen zii dem nilebsten Lebensstadiroip, der Pdiibmzcdt, iiber: einige 
Pflanzen waren sebon aiifgebliiht. 

Zn Tabelle III. Der Versiieh war mit Ifllanzen von dimsidbeii Wasser- 
knltiiren, wie die in den Versuehen fiir die Tabelleri I mirl IP ansgidTilirt. 

Zn Tabelle IV. Fiir die Versnebe waren Pflanzen von densellnm 8a,ncP 
knltiiren, wit^ fiir die I'ersnebe zii Tabelle I gebrancdit. IJiii die Gescdiwiiv 
digkeit der Anstrocknnng der Typeii einer jeden Knitur zu ennitielii waren 
je 2 Exemplare des Glasscbmalzes in voller Entwirddnng abgesebnitteii (iliese 
Exemplare sind mit rdmiselien Ziffern bezeiehnot): ziim Vergkueli war die 
Transpirationsintensitat der nklit ' abgestdinitte:nen Pllanzmi dtnsellieii Kill 
taircni erniittelt (gewolnflicbe 




Fig. 1. Salicornia herbacea L., Wasserkulturen. 
8 = 2a in der TabeJle I. 

3 = 3g 5 , „ 

2 = 6a 


Tabelle 11. Die Tmnspirationsintensitdt fur dieselhen WasserJmlturen, ivie in 
Tahelle I {in Grmnmen mif 100 Cuh. Cent, wm, Volumen der assimilierenden 
Tfiehe herechnet). 


Nummern Ber 
und Gehalt 
Serien an 

der NaOl 

Gefiisse % 


la) 

2 a\ 

3 a 

4 6 
C) a 

7 h 

8 a 
96 


0*1 

1 

3 


Das Total fiir 14 Tage Ber 


Bas Mittel 

Bas Mittel 

von 21. vii.-3. viii. anf 

Gelialt 

pro Tag 

pro Tag 

100 Cub. Cent, des 

an 

fiir Periode 

fiir Periode 

endlich. Volumen 

NaCl 

21-28. vii. 

29. vii.- 

-3. viii. 

berechnet 

0/ 

/o 

467) 
500 i 

^83 

445) 

4725 

458 

3060)oiqa 

3200 


409 


337 i 
384' 

[360 

2000 

1 

322' 


324^ 


2330) 

3 


■318 

i 

■309 

[2240 

315 


294 j 


2150] 

5 


Fiir den Tag 
31. viii. 


194 

258 


236 


150) 
138} 
127 
114 ( 


144 

120 


Die Versuchsergehnisse. 

1. Diejenigen Pflanzen, die obne Versalzung erzogen waren/welche also 
kein CUornatriim empfingen, oder welchen diese Substanz in kleiner Kon- 
zentration beigebraeht wurde, zeigten eine bohe und, was auch zu bemerken 

ist, eine gleiche Transpirationsintensitat. 
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Gefiiss- 

Gehalt 
ail NaCl 

30. viii. 7 
ir. n. M .- 

31. viii. 7 

numraerii 

7o 

U. V. M. 

Wassf'rknll iiren. Eiii 

3 


48*3 

jf‘d(S rkdiiss entilialt 

4 

1 

47 

tj'dS Kiihrsalz- 

6 


30-8 

l”)sang uiid ein Ex- 


3 

37*5 

eiiiplar lies Glas- 



sciiinalzes 

8 

9 

5 

20 

22*2 

T)er Almonieter 



193*9 


Tabelle III. Der Uigliche Gang der Transpiration. 

31 August 


31. viii. 7 


Dor rJiulonioier von Stensinip (die An- — 
zidil der kleiiieii Lichfcpunktehen) 

Der Psyehroinetor von Ass- t° riach C 23-1-18-2 
inaiiii (diti Zahkui sind flir Kelative 
die Zeiten der Wagiing an- Feuchtig- 61-69 
gegeben) keit 


7-8J 

U. V. M. 

8^-10 

10-114 

114 -i 

1-2| 

2|-l 

4-5.1 

Tkirik 

l'. n. M.- 
1. ix, 7 
IJ. V 11. 

29-6 

GO 

9S-6 

im 

91 

65*3 

33*3 

18*5 

58* 6> 

27 

54 

91 

100 

89 

64 

36 

20 

52 

30*8 

63*5 

00*4 

100 

86*7 

59*2 

2j1 

,13*5 

db'fJ 

30 

61*2 

88*7 

100 

97*2 

60 

25 

13*7 

do 

30 

63*3 

80 

100 

86*5 

66*7 

i:;*3 

3*3 

3)0 

33*3 

55*5 

04*4 

ICK) 

80*2 

58*3 

27*8 

16*7 

33*3) 

2M> 

47*3 

81*8 

100 

92*6 

71*3 

54*1 

37*2 

155*1 

14 

16 

10-20 

19 

18 

1 S— 1 i> 

11 

8 

— 

22*4 

20*5 

20*2 

29*8 

27*8 

26*9 

24*4 

22*2 

19 

58 

45 

39 

50 

40 

47 

50 

64 

63 




i S3 ;2 

l=il» 

. . ix> _ r! C 


^ a 


”5 ^ 


N S g 


iJ3 © 


cri—- 

jaNrt c a 

'J In 




•Z S a 
r- seas 3 
-5 a a: 

l-H ’-•i-J 

a 

8 a 
i o 


Tabelle IV 

Die A^Mroekmmg md teihirise (zur Vertjleivhu^fj) die Tmns- 
piraliondfdemitdt hei dcii> In cerschiedcMcn (hit den. der Fer- 
salzung gezogenen Pfla/nzen, 

Der Wasserveiiust 



© ® as +a 5a 

A*a®t:*aa 

— .. 





— 





N 

iX' 

SO 

PI 

a sow. si sj.p; 

Sr 2 .g fl.fets; 

I** 3"^® 

;a *3 a ,® 

^•7 S^. 'f 1 

in IMilligramraeii 
pro I (luailr. Cent. 



in Frn/.entini zu dem 
Anfang.sgewicht 



ciS 

^£3*0 22 

© fflS ■ " a 

3-2+3 S « fci'U 

Flaclie in 




in 




4 

1-1 5 as © ® -o 

ss 


den ersten 


den ersten 

1 8t. 

2 8t. 




s 



40 Min. 


40 Min. 

20 Mill. 

40 aMIii. 

24 St. 

4S .St. 

06 St. 

2. viii. 

9 U. 50 

I 

n 

niclits 


11 * 7 }^*^'^^ 

...., 

28*5 

30*5 

10 

45*8 

60 

6tM 

81*4 

8':1*5 

81*2 

89*8 

84*7 

90*2 

[. vor IM. 

ni 

niiitel 


8*7l 

— 

22*9 

36*7 

7)7*1 

80 

89*2 

90*2 


IV 


!i-sr - 

— 

23*7 

36*3 

57*8 

82*3 

9U*5 

91*9 


V 




0*7) - 

-™. 

13*1 

21*7 

35*9 

53*9 

i;«;*6 

87-5 


VI 

gros.s 


5*9/ 

— 

15 

22*5 

37*5 

57*6 

71*7 

. 89*4 


11 

nieiits 


13*6 









13 

miitel 


11*9 









14 

gross 


7*3 











tleii ersten 

«ten ersten dtni ersten 

den ersten 

1 St. 

2 8t. 







25 Min. 

50 Min. 

25 Mill. 

50 Min. 

15 Mill. 

5 Min. 

24 St. 

48 St. 

96 St. 

9. viii. 

I V. V. M. 

Vll 

VIII. 

nielit.s 

3*3 

3*8 

4 

4*3 

12*1 

11*8 

14*5 

13*5 

16*1 

14*7 

19*5 

15 

38*2 

35*3 

55*5 

54*1 

68*2 

66*5 


IX 

mitiel 

2*5 

3 

5*6 

6*9 

8*2 

11*3 

23*8 

33*5 

. 43*9 


X 

2*4 

3*1 

5*0 

6*5 

8*4 

11*4 

24*3 

34*4 

43*2 


XI 


0*0 

0*8 

1*0 

2*1 

3*3 

5*6 

15*6 

21*7 

29*1 


■ XII 

gross 

0*3 

0*5 

0*9 

1*3 

2*5 

4*8 

15*7 

22*0 

28*4 




lien ersten 

den ersten den ersten 

den ersten 

ISt. 

2 St. 







25 Min. 

50 Min. 

25 Min. 

fiO Min. 

15 Alin. 

30 Min. 

24 St. 

48 St. 

96 St. 

27. viii. 

1,0 U. 50 

xni 

XIV 

iiichtiS 

5*1 

6*2 


14*1 

13*8 

21*6 

■26*2 

26*4 

29*7 

37*6 

39*3 

46*9 

51*7 

58*7 

67*6 

77*6 

82*1 

\L v.'M, 

XV 


3*8 


8*8 

15*8 

19*7 

30*0 

35*4 

43*6 

59*3 


XVI 

4 

9*2 

17*8 

22*7 

31*5 

37*1' 

4-l*(i 

59-5 


\vi{ 


, 1*3 


2*8 

. 6*8 

8*6 

14*8 

20 

25*6 

3(»*6 


XVIll 

gross 

,1*4 

3 

7*2 

9*1 

15*2. 

20*2 

25*8 

3tj*l 


11 

jiiehis 


11*7 









13 

mii.le! 


4*5 









14 

gros.s 

— 

. 2*1 
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% Diese Iiiteiisitat wird vermindert, wenn die Konzeiitration des NaCl 
aawachst; mid wird bei selii starker Salzkaltigkeit ganz mibedeuteiid ; sie 
bleibt aber iiocb ziemlick kock bei 1 % von NaCl in Wasserknltur. 

3. Die Transpirationsintensitat vermindert sick znr Bliitenzeit. Es muss 
jedock bemerkt werden, dass, von dem okologiscken Standpimkte aus, die 
Periode der vegetativen Entwicklixng und des Wackstums, wenn die Pflanze 
gegen das Aiistrocknen am wenigsten gesckiitzt ist, wokl die grosste Bedeutung 
kaben muss. Auck kat das Glassckmalz die Neigung zu einer spateren, 
namlick zu der Frucktzeit, ikre assimilierende und transpirierende Oberflacke 
zu verminderiij durck das Abwelken der saftigen Glieder am unteren Teile 
der Pflanze beginneiid. 

4. Tabelle II zeigt an, wie das Glassckmalz bei seiner Transpiration sick 
mit der Einnakme eines sekr geringen Quantums von Cklornatrium aus den 
starken, ikre Wurzel umgebenden Losungen, begniigt. In der Tat, bei einer 
Kultur mit einer 3-prozentigen Losung von NaCl kat das Glassckmalz gegen 
das Ende einer zweiwockentlicker Periode 2240 gr. Wasser auf 100 Cub. Cent, 
seines Volumen verdunstet. Wenn eine solcke Losung von der Pflanze un- 
mittelbar eingezogen wlirde, so miisste der Gekalt an NaCl im Korper der Pflanze 
zu der unmoglicken Hoke von 70 Gr., oder 70 % steigen. In Wirklickkeit, 
nack der Steigiing des osmotiscken Druckes beurteilt, kat das Glassckmalz 
kockstens nur 1-2 Gr. von NaCl auf 100 Cub. Cent, seines Volumen einge- 
nommen; was nur 1-2 % anstatt 70 % ausmackt. 

5. Selbst mit einer 5 % Losung von Cklornatrium zeigt das Glassckmalz 
einen regelmassigen Gang der taglicken Transpiration. Die Transpirations- 
kurve ist der Kurve derjenigen Pflanze, die mit 1 % NaCl gezogen war, sekr 
aknlick. Als einziger Untersckied, tritt die Verminderung der Nackttrans- 
piration mit der Vergrosserung des Gekaltes von NaCl kervor. 

6. Die von den Wurzeln abgetrennten, assimilierenden Triebe des Glas- 
sckmalzes, zeigen bei dem Austrocknen dieselben ckarakteristiscken Versckie- 
denkeiten, wie bei der Transpiration : die Pflanzen, die okne Salz gezogen waren, 
verlieren die Feucktigkeit, im Vergleick mit den Pflanzen der versalzten 
Kulturen, wesentlick sckneller. Dieser Untersckied zeigt sick so wokl in 
den ersten Miniiten des Trocknens, als auck in der nackfolgenden langeren 
,,Zeit.; 

7. Wenn man iiberlegt, dass bei dem mit normaler Nahrstofilbsung 
gezogenem Glassckmalz der Wassergekalt bemerkenswert geringer ist, so 
liegt es auf der Hand, dass das Wasser bei dem Austrocknen dieser Pflanzen 
und auck bei der Transpiration viel sparsamer verbrauckt wird, als bei den 
mit einem Zusatz von Salz gezogenen Exemplaren. 

8. Es ist bemerkenswert, dass in den ersten Minuten das Austrocknen 
(auf die Einkeit der Elacke berecknet) und die Transpirationsintensitat 
augenscheinlick sekr nake aneinander liegen. So war es z. B. an einem sekr 
keissen Tage, dem 2. viii., fur eine ziemlick laiige Periode von 40 Minuten. 
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Es ware iiatiirlicli besser eine kiirzere Periode von etwa 15 Min. jjiizuiieliiiKin, 
leider aber koiiiite mail dabei keiner exakten W agnng der ZinkgelTrsse sicktir .sein. 

9. Es lasst sicli iiacli deni Vorliergegangeiien wolil beliaiipfceii, dass die 
bei einem Ziisatz von NaCl gezogene Pflanzen im Vergleicii init (leiieii, die 
okne Salz gezogeii wareii, in iliren assimilierenden Trieben eine weit grossere 
Resisteiiz gegen die Diirre im Sinne der Faliigkeit deni aiistroc-kiieiideii 
Eiiiflnss der Umgebiing entgegen zii wirkeii, besitzen. 

10. Man ersielit aiis Tabelle IV, dass die von stark versalzten Kiiltiireii 
staninienden Exempiare der Salicornia, welche besonders widerstandsfaliig 
gegen die Anstrockniiiig waren, aiicli einen holien osiiiotisclieii Driick aiif- 
weisen; es ist leiolit denkbar, dass dieser Driick wokl ebeii der Griind Hirer 
Resistenzfakigkeit, sein musste. Da wird die sclion besprocdiene Abweseolieit 
entsprecliender Vorriclitungen in der Epidermis nnd die Lage der Spalt- 
offnnngen leicht verstandlich. Man muss aiicli iiicht ausser Ackt lassen, dass 
durcli den Einfliiss von Salz die Salicornia Verandeningeii in ilirer Form und 
ilireni Ban erliiilt; wir eriiinern niir an solclie Vka’anderungini, tlit* sclion iilngsij 
in der Literatur bemerkt waren (Batalin, Lesage ii. a.) --eiuo starke Ent- 
wicklung der Sukkulenz und speciell die Eiitwickiung derjenigen Gewebi% 
die das Wasser anliaufen, sowie aucli die Verminderung der Spaltuifniingen 
pro Flaokeiieinlieit. 

2. Die Entwicklung des Glassghmalzes in ihrer Abhangigkeit 
VON DEM Grade und der Art der Versalzung. 

Fiir diese Frage linden sick Bericlite iiber Versuclie von Ba-lalin, A. Halket 

11 . a., aber die Ergebnisse dieser, Versuclie sind niclit ganz im Einkla.!!ge 
niiteinander; mancliinal ware aucli eine tiefere Eearbeitiiiig.iiiid eine grOssere 
Bestinimtlieit derselben zii wiinsclien. 

Die Ergebnisse unserer Versuclie sind in den Tabelleii VI~VII1 kurz 
zusammengestellt. (Sielie aucli Fig. 2-5.) 


Tabelle V. QmmiiiaHve LUiafahte/risiiJi der lijjmchen Ej:eiephit<! ran Sand- 
kuMiiren. {Aus einem jedem Gefdss eln Exemplar eninoiemen ,) 

Oebalt an Die oberirdisclieii Teilc Geiialt an I be oberirdisdien Telle 

Sal z! till — - Salz, ini I'lr™ ‘ " ' 



Salz im . 

OefiiHs, ab- <:»ewicht 
treHelieiivon im 



Volu- 

Verbiilt* 
nis der 


»aiz ira 
Oefasb, ab 
^'wheinon 

Oe\<iieht 

im 

< Jesamte Fliichc 

Verbali- 
Volu- nis der 

'kl'iiss- 

- iler norma- frischen 

i.Jewimte 

Fliiclje 

men in 

Flsiehe 

Oefas:s- 

der norma- 

frisdien 

men in Fladie 

nuni- 

len Njihr- Zustamle l/iiiL'e in 

in Quadr. 

Cub. 

7Ai dem 

inim- 

!en Nabr- 

Ziistande 

in</nadr. 

Cub. zn dem 

mem 

.stoffliisuni? In Or. 

Cent. 

Cent. 

Cent. 

Vohimeii 

mern 

stolllosunu- 

in Or. 

Cent. lent. 

Cent. 1 ohimen 

31 

mir Norniiii- 1*12 
lusuiit*: 

96-3 

32‘9 

0-09 

33-2 

— 

— 


— 


4 

All) 

1 Gf. 

311-7 

148-7 

5-96 

24-9 

16 

■i-KCl 
1*3 Gr. 

4-87 

291-1. 134-3 

5*43 24*7 

24 

+Na.S 04 9*70 

24-3 Gr. 

490-7 

242-9 

10-45 

23-2 

. 27 

AKCi 
29-8 Gr. 

1-93 

107-2 47-9 

1*82 2tr3 

5 

4-Na('! Itb22 

10 Gf. 

i>77-7 

365-B . 

16-9 

21-6 

IS 

+KC1 
12-8 00 

3-70 

162-B 84-9 

4*18 20-3 

11 

-h XaC! 5*62 

30 Gr. 

123-6 

■ 121-0 

9-89 

12-2 

20 

AKCl 
■' 38-4 Gr. 

1-19 

4,0-6 26*8 

1-46 18*4 

,14 

4 -Nan 0*95 

50 Gr. 

;14*B 

,16-B 

1-60 

30-5 

. 22. 

■ +KCI 
01-0 Gr. 

0-30 


"*** 
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Fig. 3. 

Fig, 2 und 3. Salicornia Jierbacea L., Sandkulturen. 

Tabelle VI. Das GewicU der Ernte in Sandkulturen awf ein Exemplar 


O'beiirdische Teile Wurzeln 

A , 

Gewiclit Gewicht 

GelialtanSalz Gewicht im ini 

im CTcfiiss, ah- im ahsolut absolut 

■ gesehen von (ler frischen trockenen °!o trockenen 

normalen Zustande Zustande Wasser- Zustande 

Nlihrstofflosung inGr. iiiGr. gehalt in Gr. 


Oherirdische Teile 


Gehalt an 
Salz im 
Gefass,ahge- 
sehen von 


nur Normal- 1-12 
I losmig 


0-1434 


Gewicht 

Gewicht im 

.wxx im absolut 

Gefass- dernormalen frischen trockenen 

nmn- Nahrstoff- Zustande Zust^de 

mern Ibsung in Gr. 


in Gr. 


Wasser- 

gehalt 


4 

-fNaCl 

IGr. 

4-04 

0-4594 

4 

-f NagSO^ 
24-3 Gr. 

8-89 

0-7823 

5 

-hNaCl 

10 Gr, 

14-84 

0-8162 

1 

+NaCl 
30 Gr. 

451 

0-3202 

4 

4-NaGl 
50 Gr. 

1*21 

0-1065 


87-2 

0-0278 

— 

— 

90-7 

0-0638 

16 

1-3 Gr. 

91-2 

0-1275 

■^27. 

+K 2 SO 4 
29-8 Gr. 

94*5 

0-1424 

18 

4-KCl 
12-8 Gr. 

92-9 

0-0233 

20 

4 - KOI 
38-4 Gr. 

91'2 

0-0104 

22 

4 .k;ci 

64-0 Gr. 


herechnet. 

Wurzeln 

Gewicht 
im 

absolut 
trockenen 
Zustande 
in Gr. 


4-28 

0-4066 

90-5 

0-1180 

2-30 

0-2921 

87-3; 

G-0379 

3-24 

0-3349 

91-5 

0-2412 

1-42 

0-1292 

90*9 

0-0228 

0-3 

0-0543 

81-9 

0 0036 




"fr • 
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Tabelle VII. Ergebnisse der Plasmolyse und des Gehaltes an Salzen hei Ex- 
eniflaren von Scdicornia der Sandkulturen. (Das Zeichen ; scJieidet die 
Zahlen^ ivelche zu verschiedenen Exemplaren geJidren.) 



Der Salzge- 
halt im Oe- 
fiiss, abgeselien 
von der nor- 
malen Niihr- 
stofilosung 

Der Gehalt 
an ISTaCl in 
Uram. auf 
100 Cub. 
Gent, der 
plasinolysie- 
reiideii Lii- 
sung bei 
deni Allfang 
der Plasmo- 
lyvse 

Gehalt 
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Zu den Tabellen V-VIL Die Versnclie waren in Sandkulturen angestellt 
(Glassgefasse mit 5-5 Kil. Sand). Der Nalirstoffzusatz bestand aus Ca(N 03 ) 2 — 
2 Gr., KNOg, KH 2 PO 4 , MgS 04 + aqu., Peg (P 04)2 8 aqu.— je 0*5 Gr.; in einige 
Gefasse waren Natron- und Kaliumsalze eingefulirt in aquimolecularem Ver- 
bMtnisse zu Chlornatrium; der Sand war mit Wasser vollstandig gesattigt 
(1230 Gr. Wasser pro Gefass). In jedem Gefasse waren 6 Exemplare gezogen, 
und alle Samen waren einem Exemplare entnommen; zu jedem Gefasse 
geborte ein Kontrollgefass. 

Die V ersuchsergebnisse, 

1 . Das Glasscbmalz vertragt nicht nur die Versalzung, sondern entwickelt 
sick bei einem mittleren Grade derselben ambesten, zeigt einen starken Wiiclis, 
ein ansebnliclies Gewicbt im friscben Zustande, und ein obgleicli im minderen 
Grade vermehrtes Trockengewicbt. Das Glasscbmalz zeigt mit andern Worten 
eine ausgepragte Osmopbilie. 

2 . Das Glasscbmalz, bei normaler Nabrstofflosung gezogen, bleibt nicbt 
nur im Wucbse und in der Gliederung des Pflanzenkorpers zuriick, sondern 
bat aucb sebr diinne assimilierende Glieder mit intensiverer griiner Parbung 
und eine grossere (pro Volumeinbeit) Transpirationsfiacbe. Der Zusatz einiger 
Salze ruft bei dem Glasscbmalze diejenigen Besonderbeiten bervor, welcbe 
die aus natiirlicben Standorten srammende Exemplare cbarakterisieren : eine 
stark ausgepragte Sukkulenz, eine bleicbere gelblicb-griine Parbung, eine 
kleinere Transpirationsfiacbe im Vergleicb zu dem Volumen. 
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3. Weiui man den Einfluss der entspreclienden Sake iin iiijuiindlceulai’i'in 
Verlialtnisse anf die nnter 1 u. 2 erwahlten Merlcmale des I dnsscliinake.s 
nacli deu Ergebiiissen meiner Versuche vergleiclit, so sieht man, dass die 
Natroiisake starker als die Kalisalze, die Chloride starker ais die. Sulfate 

wirkeii. 

4. Eine besonders starke Wirkimg wurde diircli das blilornatriiiin her- 
vorgebrackt: bei eiiieni gewissem mittleren Gelialt von NaCI. in den iSandgii- 
fasseii (iiiigefalir ()-8 % anf Wasser iiach dem Ziigiesseii des letztereii bereeliiiet) 
iind niit 1 % bei den Wasserkiilturen erliielt man eiiie ii|:>pige Eiitwiekiioig 
des Glasscbmalzes^ — viel starker als bei den aus der Xatur stamriieiide.ri 
Exemplaren. Die Kurve der Entwicklimg senkte sick zii beiden Seiteii dieses 
Optimums (bei einer Vemiiiideriing oder Vergrosserung des Gelialtes an X'aGl). 

5. Das'Merkmal der Siikkulenz zeigt eineii anderen Kiir vencliarakter ; die 
Kurve steigt an mit dem Steigen des Gekaltes von NaCl im Substrat. 

6. Die Cliloride von Na imd K brackten sclion selbst in kleiiien Quanta, 
im Verlialtnisse zu den aiidern Salzen der normalen NakrstoiHosiiiig, eine sekr 
bemerklicke Vermekruiig der Sukkidenz und eine Verstarkung <k‘r Entwick- 
lung bei dem Glassckmalz hervor (ein jedes Gefass entkielt 4 Gr. Kiikrstoff- 
gemisck und die starke Wirkung war diirch einen Zusatz von 1 (h*. NaCl oder 
des aquimolekularen Quantum von 1-3 Gr. KOI erreickt). Die Wirkung der 
beiden Salze in den angegebenen kleinen Quanta war eine fast gleiclie. 

7. Bei einem kokeren Gekalt an Cklorkalium war die Wirkung dieses 
Salzes aiif das Glassckmalz eine andere als diejenige des Cklor.Matriuin. Bei 
einem kokeren Zusatz von KOI (12*8 Gr. pro Gefass) war koine stiirkere 
Eiitwicklung, wie es bei einem erkokteii Zusatz von Chlorfuitrium der Fall 
war, bemerkt worden; die Pflanze entwickelte sick sogar etwas, weiin aiieli 
iiickt viel, sckwacker. Audi waren der "Wuclis und die lilntwicklung des 
Glassckmalzes bei einem koken Gekalt an KCl weit sckwacber, als bei 
denjenigen Kultureii, die mit einem aqiiimolekularen Quantum von Gklorna- 
triuin gezogen waren. Da, wo der Zusatz von Cklorkalium am gi'ossteii war 
(G4 Gr. pro Gefass), wurde ein teilweises Absterben der Exemplan^ bthoierkt. 
Die Kurve der Entwickluiig des Glassckmalzes fiir die erprobten Zusiltze 
von Clilorkaliuni kat ikren kocksten Puiikt gleick am Anfange ; und man 
kann wokl vermiiten, dass bei der kocksten Konzeiitration, weleke aiige- 
wendet war, das Cklorkalium aiif das Glassckmalz giftig (anwirkte. 

8. Das Natriumsulfat kann bei dem Glassckmalz eine starke Entwicklung, 
grosse Siikkulenz und einen koken Wucks ke.rvorl)ringen. SeiiUi Wirkung aber 
stand derjenigen des Cklornatrium im aquimolekularem i»)uantinn bemerklii'li 
nach. Es kann wakrsckeinlidi als, eine Eegel betracktet werdeii, dass Nii^SO.! 
im ^"ergleicli mit NaCl in gegebener Hinsieht sokwlleker wirkt. 

9. Eine verkriltnismassig sckwadie antreibende Wirkung auf den Wucks 
und die Sukkidenz wurde durck Kaliumsulfat (im ac|uimolekiilai‘eii Quantum 
mit Na^SO^ und demjenigen Zusatz von :NaCl, weiclujr ein iippiges Wachs- 
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turo. des Glasscliiiialzes hervorbrachte) erreicbt. Der grosse Gebalt an 
Kaliuinsalz: im Snbstrat tibte wabrscbeinlicb. eine vergifteiide Wirkung anf 
die Pflanze aus. 

10. Eriniiern wir uns iiocli, dass nacb den Versnclien von Batalin eine 
Losuiig von Magnesiunisnlfat, welcbe bei einer allmalilicli wachsenden Kon- 
zentration zum Begiessen gebraiicbt wurde, bei dem Glassclimalz keine 
bemerkbare Siikkulenz im Vergleicb mit Pflanzen, die einer Versaizung nickt 
iinterworfen wareii, hervorbracbte. 

11. Deninacb kann man sick, nnr mit einigen Einscbrankungen, den anf 
Beobachtiingen des natiirliclien Znstandes gestiitzten Ausfiibrungen von 
T. Bernatsky anscMiessen, dass die Qnalitat der Salze wenig Einflnss anf 
die Vegetation der Salzboden hat. Dennoch kaim nicht nnr Natriumchlorid, 
Oder Natrinmsnlfat, sonderiij wie es sich denken lasst, anch Kalinnichlorid in 
nathrlichen Bedingnngen, Salzboden bilden mit charakteristischen Associa- 
tionen der typisch entwickelten Salicornia herhacea L. 

12. Ermittlnngen dnrch Plasmolyse zeigen, dass die Exemplare des 
Glasschmalzes bei iippigem Wuclis, iinter der Wirkung geeigneter Salze, den 
osmotischen Drnck nnr wenig erhohen; oder anch wohl denselben Druck 
anfweisen, wie diePflanzen, die bei einem normalen Nahrstofl'gemisch gezogen 
sind. Nnr bei einer starken Unterdrhcknng des Wnchses dnrch Versalznng 
wird der osmotische Drnck bedentend wachsen. Es scheint als ob bei dieser 
Pflanze ein KorrelationsverhMtniss zwischen dem Wnchs nnd dem osmotischen 
Drnck besteht. Die Verstarknng des osmotischen Drnckes bis zn einem ge- 
wissen Grade, dient als innerer Paktor, welcher einen verstarkten Wnchs 
hervorbringt, anderseits wenn das Wachsen mit einer gewissen Intensitat 
vor sich geht, kann die Druckvergrossernng nicht zn hoch ansteigen. 

13. Bemerken wir noch, dass nach nnseren Versnchen die Verstarknng 
des Wnchses, die Vergrdssernng der Sukknlenz nnd die Erhohnng des osmo- 
tischen Drnckes nnter dem Einflnss von Chlornatrinm bei dem Glasschmalz 
anch bei fast nnterdriickter Transpiration in den vergleichenden Knltnren 
nnter Glas in fenchten Kammern vor sich geht. 

14. Wir besprechen nicht die sehr interessante innere anatomische Veran- 
dernngen, die bei dem Glasschmalz nnter dem Einflnss der Versalznng statt- 
finden. Viele dieser Verandernngen sind schon in der Literatnr teilweise ange- 
geben (Batalin, Lesage n. a.). Wir erwahnen nnr die interessante Erschei- 
nniig, dass die Zellen, welche wegen der Versalznng grbssere Dimensionen 
annehmen, anch grossere Zellkerne anfweisen. 

3. ZuR Geschichte der Vegetation des Glasschmalzes in seinen 
NATURLICHEN StANDORTEN. 

Die Ansicht Schimpers, dass eine Aehnlichkeit in Form nnd Ban zwischen 
den Halophyten nnd den Xerophyten in manchen wesentlichen Ziigen besteht, 
nnd die Erklarnng, welche Schimper dieser Erseheinnng gab, wnrde ofters 
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bestritten. Wir werden niir folgeiicle wichtigen Bemerkimgeii von Fitting 

aiifiilireii, 

Scliiiiiper Bieint, iiiid nacli ihm 'viele aiidere oekoIfbLnVelie Pila.iizeii- 
geograplien, dass iianilicli die Sakanhimfimg eine iK3ta\xaB Foigt* thr 
Transpiration sei, so dass mit der Vergrosseruiig der Transpiration aiibdi clii* 
Sakkoiizeiitration des Zellsaftes steigen nxiisse. Meiiie Bnobaf'litiirigeii 
iiidesseii, dass die Sakaiifspeieliening nnd ilir Grad anf spezifiselieii BolTdii- 
guiigen der Pfiaiizeii beriilieii, aber von der Transpirationsinteiisitrit ganz 
iiiiabliangig sind. Ueber die Aiifnalime des Koclisalzes eiitselH ideii tdieii die 
Permeabilitatsverlialtiiisse der Plasmaliaute,, liber seine AniiFuifiing mid 
Speiclierung— eiitsprecliende BefaHgiingeii der Pfianze, aber niclit lYu^ Trans- 
piration; anders wird die Salzarmut lebliaft transpirierender Pflanzen von 
trockenen Wiistenstandorten nnd nianclier Pflanzen iiiis den Balzsiinipftni 
niclit verstandlicli.” 

“Ancli die aiif Scliimper zurlickgeliende Lelirnieinung. dass derxt‘ropliYte 
Bail der Pflanzen, deren Standort wasserreich ist, dadureh rnklart WiTtlen 
kann, dass die salzlialtigen Boden pliysikaliscli als troekmi aiiznseben sind, 
erregt manclies Bedenken, ziim wenigsten bis diese Ansielil durch exakte ans 
Versuclien stainineiide Angaben bestatigt ist: von rein phy>ikjil!scd!en Ge- 
siclitspiinkten sclieinen alle Scliwierigkeiten der Wassorvi‘rsorgiing in eineni 
salzlialtigen Boden uberwimden, wenn die darin waclisenden PftariZi‘n durch 
Erlioliung der Zellsaftkonzentration ein entsprechendes Koiizcndiaitirnisge- 
falle, wie im salzfreien Boden unterhalten/' 

Die Arbeiten Fittings weisen den Mangel aiif, dass der genannte Forseher 
dnrcli geeignete Bodenanalyse den Gehalt der leiclit irKslieluni Baize in 
denen Bodenscliicliten niclit ermittelt hat und ancli iiicdil die Ziioriliuing der 
W'lirzelsysteme zii diesen Scliicliten erkannt hat. In der '' l-fungerwriste"' in 
Turkestan liabe icli am selben Standort das Kameelgras (Alhaip vnniehitam 
Fiscli.) nnd siikkulente Salzpflanzen (wie Hdocimris hispithi (\ A. Jley., Salmla 
crassa M. B., Salsola Imiakt Pall nnd sogar den Glassclniialz (Hdlieonn'a her- 
bacea L.) angetroflen. Das Kameelgras, trotz seiner iinzweifelhafr hohon 
Transpirationsinteiisitat wird nur eine geringe Menge lei(‘]it hislicdier Salze 
„ anlianfen, wahrend der Gehalt an diesen Salzen bei den lleisehigtai Salzpflanzen 
ganz enorni anwaclist. Es'ware aber ein grosser iYdder, wenn wir annehmen 
wiirden, dass die genannteii Pflanzen nnter denselben Bedingnngen der Yvr- 
salznng lebeii, nnd nnr in Folge ihrer. spezifischen Eigentinnlicdikeiten die 
Salze ill .solchen . verschiedeneii Draden . anhaiifen. Das Kameelgras senkt 
seine saiigenden Wnrzeln in die tiefen an Siisswasser reiclum SeliiiFteri des 
SnbstratSj wahrend die sukkulenten Salzpflanzen in den* oint-rstem stdii* sa!z« 
reiclien Bodenschicht wnrzeln. 

Es ist niclit mbglich der , kategoriBehen Aiissage v<m Fitting, dass die 
Anfspeiehening der Sake, nnd deren' Grad,' von der Transpirati«msinterisitiit 
iinabhrnigig ist, bekutneten; ' nian'raiM^^^ die Transpirafion ganz 
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unabliangig von den iibrigen Lebenserscheinnngen der Pflanzen nnd von den 
natiirliclieii Mitbediiigniigen betracbten. 

Die Widerlegung der Aiisicliten von Scliimper diircli Fitting verliert 
demnacli ibre Kraft; anderseits miissen die Ansicbten des erstgenaiinten 
Forscbers nnr als eine vorlanfige enge Foxmel fiir die Anslegnng einiger ins 
Auge fallendeii Besonderlieiten der Halophyten angeselien werden — eine 
Formel von iinbedeiitendem Inbalt. 

Wenn wir den Katurerscbeinimgen naher riieken, so finden wir, dass 
dieselben viel tiefer und viel inhaltsreiclier als das zur Orientieriing angelegte 
Schema sind. Die Pflanze muss sich niclit nur gegen die Wirkung der Aussen- 
welt schiitzen, sondern sie muss noch die Befahigung haben die verschiedenen 
Eigenschaften und KrMte derselben gehorig auszuniitzen um ihre natiirliclien 
Lebenserscheinungen sicher zu stellen. 

Wenn wir uns von diesen allgemeinen Betrachtungen wieder dem Glas- 
schmalze zuwenden, so wollen wir versuchen ein ungefahres Schema der vege- 
tativen Entwicklung dieser Pflanze auf salzhaltigem Boden aufzubauen. 

Das Glasschmalz ist ein wasserliebendes Halophyt, und in der ersten Zeit 
der Keimung fast eine Wasserpflanze. Die Verbreitung seiner Friichte soil 
durch die Mitwirkung von Wasser erfolgen; dort wo die Friichte bei dem 
Zuriickziehen des Wassers auf dem Meer — oder Seestrande liegen bleiben, 
dort bemerkt man charakteristische Keihen der Exemplare von Glasschmalz, 
die parallel der Uferlinie gehen. Das Keimen der betrachteten Pflanze erfolgt 
in Salzboden in einem nassen Grunde, oder sogar im Wasser, bei einer ver- 
haltnissmassig schwachen Konzentration leichtloslicher Salze. Versuche 
haben gezeigt, dass die Salicornia herbacea im destillierten Wasser vortrefflich 
keimt, aber fiir Salzreiehtum ein grosse Anpassungsfahigkeit besitzt, da sie 
noch in einer 2 % Losung von NaCl ziemlich gut keimt. 

Nach dem Keimen scheint es, als ob das Glasschmalz durch die Versalzung 
in seinem Wuchse angetrieben wird, und so die Moglichkeit bekommt fiir sein 
vegetatives Leben die giinstigere Priihlingsperiode auszuniitzen; zu dieser 
Zeit sind namlich die Salzboden wasserreicher, die Konzentration der Salz- 
losxmgen hat noch nicht ihren hochsten Grad erreicht, auch ist die Sonnenhitze 
weniger fiihlbar. Wir sehen auch in den entsprechenden Kulturen, dass bei 
einer gewissen mittleren Salzhaltigkeit, welche doch im absoluten Betrage als 
eine recht bedeutende gelten mag, erhalt die Salicornia einen machtigen 
Impuls zu ihrer Entwicklung, wachst und verzweigt sich stark. Eine gewisse 
Zeit naoh dem Keimen wachst das Glasschmalz ziemlich langsam, indem 
hauptsachlich nur die Kotyledonen sich vergrdssern, wahrend auch leicht- 
losliche Salze in der Pflanze aufgespeichert werden. 

In dieser Vegetationsphase bleibt der osmotische Druck in den Zellen der 
Pflanze selbst auf salzreichem Substrat verhaltnissmassig gering und die 
Befahigung die Transpirationsintensitat zu beschranken bleibt viel schwacher. 
Es darf aber nicht vergessen werden, dass der austrocknende Einfluss der 
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Aiissemveli a..iif die assiniilierenden Sprosseii dee Crlasscliinnkps vie! Hidiwrielior 
ist; anclerseits ist es vielleiclit der Pflanze giinstig in dieser Periotln eiiie 
TraiispiratioiisiiitensiiiU} einziilialteii, urn walirend des vorstrirkteii Wacdii^tiiiiih 
bei geringerer Versalziing iiii Snbstrat demselbeii den Nsilir.stof! Rcdineller zii 
entzieben. 

Die Erlioliuiig des osmotisclien Druckes wahtend dieser Entwic^kliiiigs- 
phase wird diircli das Wachsen verlangsamt : das Anhiliifeii cb‘r Sake gelit 
weiter, aber die Salze verteileii sicli in einer grosseron iiinereii M’asse. So 
konimen wir dem Gedanken Schimpers etwas naher, da ietzterer sicdi aiis- 
spricht, dass das wassertragende Gewebe der Halopliyteii ‘kiim Sehiitze der 
assimilierenden Zelleii gegen . eine scliiidliche Konzentration der S^alze , eiii- 
gericlitet ist iind wird demgemass mit dem Altern der Blatter tind der 
Vermehniiig ilires absoliiten Gelialtes an Sak wold iiberfliissigd* 

Bei Antritt einer warnieren iind trockeneren Sonimerzeit rergrr^ssert sicb 
die Konzentration der Sake im Snbstrat, welches die Wnrzeln unserer Pflanze 
imigibt. Bald steigt sie holier als das Optimnni filr flir* betracliiefe Sa!z- 
pflanze. Das Anwaclisen wird verlangsamt, iind eine bedeni end(‘ Anfspcdeiu^-* 
rung der Sake tritt im Inneren des Pflanzeiikr>rpers ein, wobei der osmoliselie 
Druck im Zeilsaft zii einer enormen Ilohe anw<a(‘bst. Ziig]<‘ieh f‘rlialt dit^ 
Pflanze eine grosse Widerstandsfaliigkeit in ihren assiinilit*renden Sprossen 
gegen die Somienliitze iind die austroeknendeAVirkiing der Atmospliflre: die 
Befaliigiiiig fiir intensive Transpiration wird bedtmtend scdiwitelier, obgleitdi 
die Transpiration dennocli mit geniigender Intensitiit (‘rfolgt inal einen regeb 
massigen Tage>sgang aiifweist. 

Das Glasschmak absorbiert wahrend dieser Phase seiner xadlen vf*getai/iven 
Entwicklimg absoliit niir wenig Wasser, gibt aber letzteres zwi-advinfissig filr 
die IJnterhaltnng einer zieinlieli intensiven Transpiration a, ns. So hilit; es seiiie 
Spaltoffmingen fiir die Absorption von CO., offen. Ansserdtmi ist es walir- 
scheinlich, dass eine gewisseTranspirationsintensitiit ancdi deslialh nnierlmlten 
werden muss, urn die assimilierenden Sprossen wiilirend. der So miner periode 
gegen eine iibermassige Erwarmimg diirch die Sonne zii sehiitzen. 

' Die cdiaraktoristisebe Befaliignng mit eineni kleinen Quantum Wasscir eine 
mehr Oder minder hohe intensitat der Transpiration zii iinterhalten kaiiii 
mit den, folgenden Charakterziigen der Organisation des (dasHclimal74es in 
Verbiiidimg gebraclit werden: (1) die Oberflaehe der Pflanze pro Voliiimun- 
licit ist nicht gross; (2) die assimilierenden Organe in den iiiedrig-waffliseiideii 
Biiscliclien der Pflanze erlieben sich mir wenig fiber den Boden; die Transpira- 
tionsliaclie liegt nalie an' den wichtigeren wasserleibnulen Gefiissen iind nabe 
an den Wnrzelii, die dasselbe ansaugen.- 

Das Glasschmalz konn noch mit Wassermangel kampferi iind sieli aiieh 
vom Ueberflnsse der Salze bcfreien/.indem es einen Teil seiner Bliltter abwirft: 
die griine, saftige Biiide an seinen Glledern wird gelb, verlimt das Clilorophyll, 
fiillt nachher ab, imd vertrockiiet. ■■ Dieser .Process beginnt^ am unteren Teile 
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des Biisclielclieiis und setzt sich allmaHicli an dem Hanptspross und den 
Zweigen fort^. 

Ein solches Abwerfen der Blatter zieht sicb langsam walirend des Alterns 
des Glassclimalzes fort, besonders aber dann, wenii die Pflanze zum Bliiben 
und Fruclittragen tibergelit. 

Das angedeiitete Vergleicb-Schema findet seinen Aiisdruck in der Tabelle 
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Tabelle VIII. Die Phasen der vegetativen EntivicUung des Glasschnalzes in 
Verhindung wit den Verdnderungen der diisseren Bedingungen, 


Die austrock- 
nende Wir- 
kung des ober- 

irdischeii Mediums Die Pliasen der 
auf die assimi- vegetativen Ent- 

Die Feuclitigkeit Der Salzgelialt lierendeu wieklung de* 

des Substrates des Substrates Sprosseu Glassclimalzes 


eine sehr reich- vergleiclis- 
liclie; ofters weisegering 
Ueberschwem- 
men mitWasser 


mittelmassig 

nach und nach 
vermindert; 

Boden bleibt. 

iedoch immer sehr gross 

feucht 


schwach 


noch nicht 
zu gross 


stark (grosse 
Somienhitzc) 


{«) 

das Keimen 


G) 

ein starkes 
Wachsen in 
die Lange 

, G) 
das Wachsen 
verlangsammt 
sicli und 
hort auf 


Die Eefahigung 
ftir intensive 
Transpiration 


hoch 


Die Eesistenz 
der assimilie- 

renden Sprossen Die Aufspei- 
gegen die aus- clierung leiclit 


trocknende 
Wirkung des 
Mediums 

gering 


losliclier Salze 
nn Pflanzen- 
kcirper 


geht langsam vor 
und erreicht 
kein hohen 
Grade 


noch ziemlich 
schwach 


fiillt bis zu steigt bis zu einer sehr bedeu- 
einem nie- tender Grosse an 
drigen Grade 


Man kann das Scliema als einen Masstab ftir die Bewertung der Ent- 
wicklung des Glasscbmalzes in verscbiedenen Variationen dieser Entwickimig 
in den natiirliclien Standorten der Pflanze beniitzen. Als Illustration werden 
zwei Beispiele angefiibrt. 

In der Umgebung von Sarepta unweit der Ansiedlung ^'Teplye Wody’’ 
auf einem Salzboden mit Salicornia herhacea bewacbsen, batten die Ex- 
emplare dieser Pflanze am 21 eJuli 1913 eine mittlere Hohe von 5~8 Cent, und 
als Grenzbohe 15 Cent, erreicbt. Das Glasscbmalz war scbon in Bliite. Am 
16 August 1912 auf demselben Salzboden waren als mittlere Hobe 6-12 Cent, 
und als Grenzb5be — 18 Cent, beobacbtet. 

Ein anderes Bild wurde am 15 August 1916 auf einem salzbaltigen Feld- 
stiicke einer kiinstlicb bewasserten Baumwollenplantage der ‘'Hungersteppe” 
in Turkestan beobacbtet. Das Glasscbmalz war bier als Unkraut verbreitet 
und zeigte eine ausnabmsweise reicbe Entwicklung. Die Exemplare dieser 
Pflanze batten cine mittlere Hobe von 15-35 Cent., und eine Grenzbobe von 

1 Wir stimmen volligmit den vor langerer Zeit ausgesprochenen Ansichten von Duval- Jouve 
iiberein, dass die sukkulenten assimilierenden GHeder der einen zusammenge- 

setzten Ban aiifvveisen; sic bestehen namlicli aus Stengeln mit angewaehsenen iimschliessenden 
Blattem. Zu Gunsten dieser Ansicht sprechen auch die bei unseren Kulturen vorgefundenen 
interessanten Anomalien. 
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42 Cent. Die schonsten Eseinplare liatteu die folgendeii Dirneiisioni’ii in 

Centimeter. 

... 32 M ■ as ■ 33 :i7 

De,r Biirclimesser in zwel zu oinander 

reclitwinldig steliendicii 28-3 i 34-42 42-43 1 1- -IT 3"^ 17 

Eiiie YOU dieseii Pfianzen liatte eiii Gewiclit von Cr. En iiiin n imh'Ii 
erinnert werclen, class die iinter der Wirkiing vu!i NaCl am iipiPg'Nli'ii rut- 
wickelteii Exenipla,xe iinserer Kiiltureii niir eiiie Hfihe von 17-2 IVnt. 
imd eiii Mittelgewiclit von 14*84 Gt. besassen. Das Gfas.^c-liiiialz am align- 
zeigten Staiidorte in dei* ‘'Huiigersteppe’' war so zu sagtm *'zii gi*- 

wacliseii” mid war an der Zeit iiocdi iiieht zii Biiite gekoiiiTiieii. 

Bei eiiier Ziisaniiiienstellimg cler Aiigabeii tlber deii Wiielis d(‘.s Glas- 
scdimalzes iiiit den Data iiber Feuclitigkeit, Yersalziing iiia! osnicitisehmi 
Driick zeigen sick folgeride Ergebnisse: 

(a) in der Uingebiing von Sarepta i>st die Versalziing stark, sier Wiiclis 
dagegen niedrig nnd der osniotische Druck stbr gr<)s<; 

(b) aiif der Baumwollcmplantage in <ler '** Idungerstejspo’” ist die Ver- 
salziing weit geringer, der Wiielis aber ausserord‘*i!tlicli stark, der 
osmotiseln* Druck dagegen viel kleiner. 

In Anleknung an unser Bcticcnia wercleii wir dia Iblgmidc' Ik’kL-'srung der 
angedeutcdnn Yersctiieclenlnntenge Aiif <len Balzbrid^m Ian Baivpta 
die Koiizentration der Salze rascli, und ist voin Anfaugi* an vielleielji ki'km* a!^ 
das Optimuni fiir die betrachtete Pllanze. In der Hungersleppe*' liabeii ivir 
einen Bodeii iiiit scliwaeherer Yersalziing kiinstrati bewiissert: alk^s dies 
wirkte giinstig wahrend <ler Pliase des starken Wa<:*l,isti,inLS. 

DieBiikkiilenz bei demi dasschnialz ist. itiie dm’ (4nn*aktm*ist iadien Ab-rkimde 
des Halomorpkismiis. Sclion die alten Pmoba (‘hr ungen luid \ ersiiebe von 
Lesage zeigen wohl am dass auch bei den gewidinliehen Ilhinzen und nieht 
niir bei den Baizpllanzen die Wirkiing von Chlornatriuni ein«‘ ge\\is-<‘ Suk- 
kiileiiz und eine Yergriisserimg der Z(‘llen hervorruft. Es ist d*‘s!ialb imAdii'li. 
dass dieses Merknial sick bei dem iinniitteibarmi Einfluss der Aiissemvelt und 
naiiieritlich der Yersalziing verstarkt. 

Dasselbe Merknial wird aimh zuni zweiten Male fur das Gedeilieii der 
Pflanzen auf versalzten Standorten nutzbar, und wurde auf denselben durcdi 
Selektion verstarkt. leh verbleibe auf dem, Sta4id|,ui.nktm dass wtuiii ei,ii 
gegebeiies Merknial als Modifikatioii dimdi d.eii Einiliiss ausserm* Bedingiingmi 
eiiier einseitigen konstanteii imd uiiiiiiterbrockener Abltmkuiig uiiterworfmi 
wird, so kann ini Wege der Miitatioti eine vererbte Yeriinderung in deinselbeii 
Sinne entstehen; das entspreeliende ''Gen;' kann sicli zii zwtiein w.tii. eiii- 
deiitigem Charaktor, zergliedern, wenn die Ablenkung auf die \'ers1iirkung 
des Merknials einwirkfc, oder in einen passiven Ziistand rihergehein sick atro- 
phieren, wmin das Merkmal geseliwacht oder' unterdri'u'kt wird. 

Aber bei einer fiir das Gedeihen auf . Salzboden scliarf speciaJisierteii Porim 
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wie das Glasscliiiialz, bleibt clocli eine in dieser Hinsicbt sebr bobe Plastizitat 
vorliaiideii. Es ist aber aiicb moglicb, dass nur eine grosse Flexibilitat, eine 
BefaMgimg die Siikkiilenz iinter dem Einfiiiss der Versalzung zii verstarken, 
nnd aiicb eiii scbarfer Effekt bei verbaltnissmassig niedriger Konzentration 
einiger Salze, z. B. des NaCl uiid des KCl, bei dem Glasscbmalze erblicb fixiert ist. 

Am Elide dieser ilnslegiiiig muss icb nocb Folgendes bemerken. Wenn die 
Samen des Glasscbmalzes in der Natur auf einen sebr feucbten, aber iiicbt 
versalzten Standort trefl'en, so wird die Pfianze gering wacbsen, keine grosse 
Sukkulenz bervorbringen, gegen das Austrocknen schlecbt gescbiitzt mid von 
andern Pfianzeii unterdrtickt sein. Im letzten Falle gilt wobl aucb der Uni- 
stand, dass das Glasscbmalz zu den licbtliebendeii Pflanzen gehort, was mit 
der verbaltnissmassig grossen Eediiktion der licbtempfaiigenden Oberflacbe 
im Zusammenbange stebt. 

11. UiNTERSUCHUNGEN tiBER DAS HALOPHYT-^ 

FMANKENIA. PULVEEULENTA L. 

Die Franherda pulvendenta L. — eine einjabrige Miniaturpflanze — wurde 
zum monograpbiscben Stiidiuni als ein ecbter Vertreter des zweiten oben ange- 
deuteten Typus der Halopbyten, d. b. der nicbt sukkuleiiten Pflanzen, welche 
die leicbtloslicbeii Salze in grosser Menge ausscbeiden, erwablt. 

Die Halopbyten des betracbteten Typus baben im russiscben Siid-Osten 
eine ansebnlicbe Menge von Vertretern. Solcbe sind z. B. die Species der 
Frankenia {pulvendenta Ij., hirsuta L.), die scbonen Biiscbe der Tamarisken 
(z. B, Tamarix Pallasii Desv., Mspida Willd.), die Species der Statice (caspia 
Willd., tomentella Boiss., otolepis Schrenk., perfoUata Karel, u.s.w.), Cressa 
cretica L., Aeluropus littoralis Pari. u. repens Pari. Die Pflanzen dieses Typus 
sind ansolcben Standorten beimiscb, wo eine grosse Salzbaltigkeit mit einer 
guten Wasserversorgung zusammentriflt. Sie spielen in dem Kreislauf der 
Salze in der Katur wobl eine bedeutende Rolle, und wirken gewissermassen 
wie Pumpen, welche die leichtloslicben Salze aus den tieferen Scbicbten des 
Bodens auf die Oberflacbe berauf ziehen. 

Der Oekologie der Halopbyten vom betracbteten Typus ist eine wicbtige, 
inhaltsreicbe Arbeit Eublands gewidmet, welcher sicb hauptsachlicb mit 
der Untersucbung liber die Statice Gmelini Willd. befasste. 

Ausser anderen wertvollen Ergebnissen bat Eubland aucb eine gute 
experimentelle Begriindung fiir eine Ansicbt liber die pbysiologische Be- 
deutung der Salzausscbeidung bei den betreffenden Halopbyten, welcbe schon 
langst von mebreren Autoren (aucb von mir) ausgesprocben war, gegeben. 

Nacb dieser Ansicbt bat die reicblicbe Ausscbeidung der leichtl5slicben 
Salze den Zweck, der Pflaiize flir die Befreiung der lebenden Zellen vom 
Ueberfluss solcber Salze behilflicb zu sein. 

Nacbfolgend bringen wir in einer sebr gedrangten Form einige Angaben 
liber unsere Veisuche, insofern sie die Angaben Eublands ergtozen. 
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1. Es ist diircli iriisere Versiiche erwiesen, class die i^iitwickliirig der 
Fm>nhmm pulveridenta diircli Versakiing iiiclit verstarkt wird, wir* i*s hei (hr 
Salicomia herbacea der Fall ist. ■ In den . Kiilt.iireii: welehe eine NoriiniLsalz- 
iiiiscliixrig eiithalten, so wie aiicli in denjenigen niit eiiiein Zusxitz von ihl 'g,* 
0-5% mid 1 % Koclisak, entwickelt sicli'die Fmnkemfi imlmodenhi seiir 

derselbeii Weise, wie bei der IsmrmaJ,:niise]uirig: bei starkerer 
Sakiialtigkeit (3 u. 5 % NaCl) wurde sclioneiiie bedeiitende Uiiterdriiekiiiig dos 
Waclistiims beobaclitet. ' Anderseits, in stark salzhaltige!i Kiiltureii welkteii 
die Pflanzen iiicM so leiclit, die Blatter blieben friscli, und. der osniotiseln^. 
Dnick in den Biattern wurde nierklicli erlidlit. 

2. Die Trdpfclien aiif den Pflanzen staniineii liaiiptsacblicli (nler fast 
aiisscMiessiicli (bei den normalen Kiiltiiren) Ton dem Wasser, das von deni 
Innern der Pflanzen aiisgescHeden wird. Die Kondensatioii des Wassers aiis 
der Atmospbare walirend einer ganzen Nacht in der feiieliten Kamnier ist 
nnbedeiitend, gewinnt aber an Bedeutnng, je nacli der Verstiirknng der Salz- 
Iialtigkeit. 

AIs eine Erlauterung mag die folgende Tabelle dieueii (nacli den ^'er- 
suohen mit Sandknltiiren — 3 Exemplare der Frankenia in einein jbalen (lefilss). 

Tabelle IX. Getviekisgewifm—bez, Vedml an Tmpjdim in Gramm>. 

23. viii. 

Pro«;nte mr tiglleljen Veniwnsiung 
Htit 21 AiiKUHt PiurMor. 

Wiihrend der Nacht in der Gewichtsverlusl — 

Gefassnnmmer und feuchten Kamnier iiacii Abwisdien Wanser aiw der S^oHung vcm der 

SaUhaltlgkeit 7| Uhr Ab.”;>| Mor. ' mit Ldsch papier Atmewphare FlIauKe aimge- 

.kutid(‘n.Mierti wjltieflen 

1 0-0 M ) 0-0 2 -! 

mir Normaliniscluiiig^ Zieiniicii vi(.‘ic kleiue 

Tropfclien 

3 ;fivl , ■ ' — ■ . — 

Normalmiscli. Zablreictie Tropfelit^^^ 

. + l%NaCl, 

2 + 2*1 — — • — 

Nornialmiseli, Zahlreiche Tropfehen 

+ 2% NaCl ' 

, ' 4 +3-1 dbS : 3-5 7-3 . 

Norraalinisch. Sehr zahlreiche 

-i-3%NaCi Tropfehen 

Es lasst sich aus der Tabelle ersehen, dass bei <len nielit veraalzeiien 
Kulturen das Quantum des an der Pflanze angesammelteii fiiissigen Wassers, 
iin Vergleich zu der tiiglichen Ausscbeidimg aelir unbedeuteud ist, in deri 
versalzenen Kulturen aber ist dieselbe viel stiirker. 

3. Wie man es-aus derselben Tabelle teilweiae ersehen mag, ist die Aus- 
soheidung der Fliissigkeit aus dem Innern der Pflanze, bei den versalzten 
Kulturen woit grosser, als bei den nickt versalzten, wenigsteus so lange bis 
die Vorsalzung koinen all zu hohen Grad errek-ht. Diese Ergehuisse wurdeu 
durch Vorsuche aowohl mit vollstandigen Pflanzen, als aueh mit abge- 
.schnittenen Triebeu vielfach bestatigt. Wir fiihren bier nodi zwei Tabellen 
an. (Sielie auch Fig. 6 u. 7.) 
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Fia. 6. Frankenia pulverulenta L. Friih Morgen. Flilssigkeit- und Salzausscheidungen bei den 
nicht versalzten und versalzten Kulturen. Ziffern bezeichnen Centimeter. 


Fig. 7. Frankenia pulverulenta h. Am Tage Salzausscheidungen bei den nicht versalzten 
und versalzten Kulturen. Ziffern bezeichnen Centimeter. 
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Tabelle X. Die Aimcheidmig des IFassere in der feuehlcn Kfimmer, dm-fh die. 
ahgescJmittenen Pflanzentriebe, bei den Pflanzen mdche (dine Ver-^fd'.ung 

hdUviert W'urden, 


8. ix. Uhr Ab.— 9. ix. 1 1 Uhr Morg. 



Die Fiiissigkeit 

(Xewicht der 
Triebe bei 

A 11 fang des 

Vemndernng des 
Gewiehtes imii 

X)er iSewieiiD- 
verlust In der 

Fluswlgkeit aiw- 
geR-bietlen pro 

1 (ir. des iirsinriiiig- 


Versuchs 

Ende des Ver* 

feuehtt-n Kammer 

llc'hen Gewmhles' 


im Geflisjs 

in Or. 

suchs in Or. 

pro 1 ixt. 

«k‘r Triflw* 

1 


0-951 

+ 0-209 

0-074 

0-70 

2 

Wasser 

0-082 

+0-120 

0-070 

0-85 

Summe 


1-033 

+ 0-335 

0-070 

0-77 

5 


0-852 

+ 0-090 

0-003 

1*20 

f) 

NaCl 3 % 

0-830 

+ 0-092 

0-050 

1-20 

Summe 


X-682 

+ 0* 188 

o-05r> 

1-20 

7 


1'103 

-.0-063* 

+ 0*022 

0-09 

8 

NaCl 7 % 

0-893 

■ -0-083* 

0-000 

O-fli , 

Summe 

1-996 

. -0-140 

+ 0-011 

0-05 


* Merkliche Schlaffheit und Senkuiig der Zweige. 


Tabelle XL Ansscheidinuj der Flilssigieil in der feucJden Kammer, dureh die 
(ihgesclmittenen Triehe ton Pflanzen oJme Versahang gezogen [in Gram men). 




9. 

ix. Fn. Mit.- 

-10. ix. 1 1 

V. Mit. 




Die FlUssig- 
keit im 
Gefiiss 

Gewielsi des 
Trieben am 
Anfaiige des 
Versuchs 

Gewiebtsver- 
Hnderung zum 
Xinde des 
Verauelis 

Fiiissigkeit 

auHgeschie- 

GewiebtM- den j>ro 1 Gr. 
verlust in des ursv>riing' 
derfeuchten iichen 
Kammer widites der 
pro 1 Gr, Triebe 

(JewkthiHVCTlupf 
des Triebes dnreh 
VerdunsUiug und 
die WaKsertropf 
cht‘ii'1 {JewiehtH 
v<*rnu'hrung des 
Triebes 

Gewifisisver' 
luHt der 
FliiMsIgkfilt 
im Geto 

1 


M29 

+ 0-241 

0-000 

0-73 

0-887 -f 0-241 

M70 







v-:M28 


2 

Wasser 

0-002 

+ 0-143 

0-041 

0-60 

0-424 -I 0-143 

0-599 







-.-0*507 


Summe 


1*791 

+ 0-384 

0-050. 

0*60 

1*095 

1*769 

3 


, 1*093 

+ 0-105 

0-044 

0*95 

Ki90-f 0-105 
rr 1 *255 

1*270 

4 

NaCl 1 % 

0-759 

+ 0-123 

0*053 

1-07 

0-853 4-0-123 

i-027 







. =0-970 


Summe 


1*852 

+ 0-288 

0-048 

l-Ol 

. 2-231 

2*297 


4. Die iuisseren Aiissclieidungen leichtloslicher Bdlze siiid als eine iliissere 
osmotiselie Verrichtaing an 2 :iisehen^ welche das Wasser aus dem Iniiern der 
Pflanze ansaiigt. In dieser Hinsieht differieren iinsere Angaben von den 
Ergebnissen Enldands. Unsere Aiissagen sind hingegen dureli zalilreiclie 
Versiiche, die in mannigfaelier Weise variirt wareii, bekraftigt wordeii. So 
liaben wir gefxiiideib dasa nacli dem Abwischen mit Ldaebpapier, die Btdrdii- 
gung der Pflanzen von versalzten Kultiiren dm Wasser in auagieliiger Weiae 
axis dem Imiem der Pflxxnze auszuBcheiden sieh bemerklich v«3rmi!iderte. 
Diese Befaliigung wird aber wieder im grdaseren Masse hergx»HteIlt, wenn man 
die Pflanze mit einer Losiiiig von Kochsalz beapritzt xind die nein^rsehienenen 
Tropfehen anstrocknen liisst, wobei ein Salzanflug an der Oberfliiclie verbleibt, 
(Siehe Tabelle XII.) 
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Tabelle XII. Einfluss der Verwischung des Salzanjluges und des Bespritzens mii 
einer Losung von NaCl auf die Ausseheidung der Fliissigkeit in Orammen. 

(a ) — waiirend einer Nacht in der feiichten Kammer (6-| naeh vor Mit.); 

{b ) — nacli deni Abwisehen mit Loschpapier um 5|- vor Mit. 


28. viii. 


30. viii. 


1. ix. 


Gefassnummern 

{a) 

(0 

(a) 

(6) 

(a) 

(6) (a) 

ii>) 

5 

Normal + 3 % NaOl 

+ 1-9 

-5-2 

-0-3 

-1-7 

-M 

-2-2* +4-5 

-9-1 

6 

Normal + 3 % NaCl 
Kontrollgefass 

+ 1*3 


+ 1*3 


+ 1-2 

— +1-9 

■ 

Die Pflanze wiirde nachher mit einer 10 % 

Losung 

von NaCl bespritzt, die wahrend des 


Tages verdunstete. 

Zu Tabelle XII. Ein ausserordentlich grosses Aiissclieiden der Fliissigkeit 
aus dem Innern der Pflanze bei den nnversalzenen Kulturen, kann aucb durcli 
Bespritzen und nacMolgendes Austrocknen der Trbpfclien der Kocbsalz- 
losung verursaclit werden. Dasselbe Resultat kann aucb endlicli daiin erreicht 
werden, wenn man die abgeschnittenen Triebe der Franlcenia pulvendenta, 
von solchen Pflanzen stammend, die keiner Versalzimg unterworfen waren 
und deren abgeschnittene Enden in destilliertes Wasser taucKen, mit gepul- 
verten NaCl bestreut. 

Tabelle XIII. Der Einfluss des Bestreuens der Triebe mit Kochsalz auf das 
Ausscheiden der Flussigheit, {Die Triebe ivaren von einer Pflanze abge~ 
schnitten, die ohne Versalzung erzogen warden war.) In Grammen. 



Fliissig- 

Gewicht 
des Triebes 
bei dem An- 
fange 

NaCl 

Gewicht 

des 

Triebes 
am Ende 

Gewichts- 
verlust 
in der 

Gewichts- 
verlust 
nach dem 

Fliissig- 
keit auf ein 
Gramm 
des an - 
fiinglichen 
Gewichtes 

Gewiclitsverlust des Triebes 
durch Verdunstinigund 
Ausseheidung von Trdpfchen + 

Verminde- 
rung der 
Fliissig- 


keit im 

des 

aufge- 

des 

feuc .ten 

Abwi- 

ausge- 

Gewichtsvergreisserung 

keit im 


Gefiiss 

Versuchs 

streut 

Versuchs 

Kammer 

schen 

schieden 

des Triebes 

Gefiiss 

1 

Wasser 

0-512 

— 

+0-102 

0-027 

0-441 

0-86 

0-027+0-M1+0-102=0-570 

0-595 

2 


0-900 

— 

+0-149 

0-037 

0-790 

0-88 

0-037 + 0-790 + 0-103 = 0-976 

1-038 

Summe 


1-412 


+0-251 

0-064 

1-231 

0-87 

1-546 

1-633 

3 


0-692 

0-031 

+0-103 

+0-025 

1-174 

1-6 

1-174-0-031-0-025+ 0-103 

1-237 

4 


0-676 

0-066 

+0-085 

+0-150 

1-235 

1-5 

=1-221 

1-235-0-15-0-66+0-085 

1-180 

Summe 


1-368 

0-097 

+0-188 

+0-175 

2-409 

1-55 

= 1-104 

2-325 

2-417 


Platzmangel verbindert uns ein einbeitlicbere Bild des Lebens der 
Franhenia pulverulenta in deren natiirlicben Bedingungen, wie wir es fiir das 
Glasscbmalz gemacbt baben; zu geben, und unsere Versucbe mit dieser Pflanze 
zu beschreiben (man vergleicbe unsere Arbeit in russiscber Spracbe, die eben 
druckfertig ist). 

III. .DIE P.FLANZE ALS LEBENDE MASCHINE. 

Die Oekologie bescbaftigt sicb viel mit der Resistenzfabigkeit der Pflanzen 
gegen die Diirre. In den Lebrbiicbern werden viele Eigenscbaften angefiibrt, 
mit deren Hilfe die Pflanzen der trockenen Standorte, die Xerophyten, die 
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Wasserverfiinstoig einscEraiikeii mid sicli ' dad-iircli i\w VvnnH^hmnis 

scliiitzen. In letzter Zeit ist diese E’rage einer kritiscdieii I iniirbail iiiig niifar- 
worfeii wiirdeii. Es wiirde liervorgehobeii. ihim virla Idlaiizt^ii fiiiit dtii 
Merkiiialeii der Xeroplijteii) leiclit mid scliiiell vertro«'kiK‘?i (Saliiihky. Ivt4!i‘r) 
mid dass die Pflaiizeii aiis sonnigen' Gegendeii pro Fkielieeiiilieif. irielir Wa"i^er 
verdunsteii, als diejeiiigen, welclie in besehatteten (Irteii irn W’alde ^irli 
befiiiden (Maximoff). 

Hier stosst iiiaii gleicli aiif eineii Widenspnieli: <ma‘Tseiis giht viei(‘ 
tjpisclie mit den besonderen Le bens verb altnissen <ier tdlanzpii vfn’biiiulmie 
Merkmale, die bei dem Stiidiimi der trockenen B-tandurfe iti die Aiigeii fallen, 
wobei diese Merkinale (z. B. eiii Waelisuberzug oder eiue Fiayinhedia'kuog) 
iiacli den Ergebiiisseii mehrfacher orientierender Versnelie, eine \’‘erini!iflening 
des Wasserverliistes diircli Verdiinstimg lierbeifiiliren iniissen. Aiidi*rseits 
sind die Xeropbyten, welehe alle diese M'erkmale besitztni iiiid in trciekeiien 
Standorten einlieimiscli sind, gegen die Dilrre sebeiiibjir iiiidit wider, stajnls- 
faliig. 

Deinnacli zeigt sieli in Rmsiand, so 'wie im..Aiislande dit‘ Xeigiirig (vergl 
z. B. E. M. Delf) die ganze Frage liber die -Xin’opliytini iiiier tiefVreii Arnnlyse 
zii iinterwerfen. IJin zii diesem, Ziele zu. gela-rigen. muss man iiarli unserer 
Ansiclit folgende Wege beiuitzeri. 

Erstens soil man die 'Merkniale und Eige-iischalteu der Fnrm iirni des 
Banes bei der Pflanze in ihrem Zusan-inieniiange erfassen. die Idbinzr* als 
eine lebende Mascbine studierem die niir dann,. '\renn man das gcgeiiseitige 
Verlialtniss ihrer Teile kennt, begrifl’en werderi kanm Fiir den OrgiinisiiniH 
der Pflanze ist es sebr wirditig, riass das Abgel-Hn'i des Wasstvs mit Absorp- 
tion desselben irn Gleiehgewieht st^dit. 1 )iest‘s wird aian* dmi'b tune Wee!isel!)r~ 
ziebimg in der Entwieklimg der wasseransaug<m<!en und dvr transpirierenden 
Organe,. den Wegeii der Wasserleitung, der Was8ergewt*!)e und s. w., 
liergestellt. 

Zweiteiis soli man die Kraft der in der Wissensehaft erprobtfui Xduglei- 
clmngsmetbode ansniitzen: solebe Pflanzenarten inusscm verglicdsen weBien, 
die sicli okologiscli sclirofl entgegenstehen, systemaHscb aber wornrglieh eng 
verwandt sind. Ikd gleicliem Bauplane werden dann die likologiselnm Ver- 
scliiedenbeiten besonders ins Licht treten. Die vergleiehende Metliofie fiir 
die Erklaniiig der bkologiselum Besonderbeiten war schon seit liingerer Zeit 
beniitzt worden. Volkens liat sie in einer seiner alteren Arl^eiten angeweiidel, 
und in spaterer Zeit in grossen Masstabe aucdi (liermeztui. 

Diese Metbode war aber bis jetzt noeb nieht in systeinatiselier Weise 
auBgeniltzt worden; die quantitative Cbarakteristik der aiiatfuniselitui Data,, 
deren Bedentung fiir die Klarsteihmg der Dekologie Baleiisky luuvorgtdiolnm 
bat, war bisber wenig beachtet worden. ' ' 

Besonders wicbtig ist m aber, nach dem morpbologiseheii und cbuii anato- 
misclien Studium der Typen von lebenden Pflaitzenmiwliiiieti, den Weg der 
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vergleiclieiideii Pliysiologie zii betreten und den pbysiologisclieix Wert der 
verscbiedenen dkologisclien Merkmale in der Pflanzenform und der Pflanzen- 
striiktnr festzustelleii. 

In dieser Riclitimg sind viele Arbeiten Kolknnoffs iiber Kiiltnrpflanzen 
vorkanden. In einer ganzen Reilie seiner in Russland erscbienenen Werke ist 
dieser Forsclier zii deni Ergebniss gekonimen, dass eine Menge der wicbtigsten 
pliysiologisclien Eigentiimliclikeiten der Pflanzen ini Gebiete der Assimilation 
von KoMenstoff, des osmotisclien Drnckes des Zellsaftes, der Transpiration 
XX. s. w. ill einer korrelativeii Abliangigkeit von der Grosse der Zellen nnd der 


a 


Fig. 8 . Asperula glauca. Fig, 9. Asperula odorata. 

1,2 und 3 vergrossert resp. 45, 145 und 265. 


Asperula 
glauca Bess. 

tinctoria L, 
odorata L. 


Tabelle XIV. 


Standort 


Steppen, trockene sonnige 
Kreid eentblossu ngen 

Steppengebiische, Saum 
der Steppenwalder 
Scliattige Eichenwalder 


Galium, 
veriim L. 

rubioidesL. 
cruciata Scop. 


Standort 

Steppen, trockener sonniger 
Sandboden und Kreideent- 
blossungen 

Licbte, feucbte iiberschwem- 
bare Wiesen 
Scbattige Eichenwalder 


Die Ergebnisse der quantitativen vergleichend-anatomischen Untersuchungen sind in 
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Spaltoffnxmgen stehen. Diese Ergebnisse von Kolkunoir wnrdcn jedoidi .birch 
die Forscbungen von Jakuscbkina und Vavilov iibcr llafcrraHscn niclit 
bestatigt. Der Griind dieser Widerspriiche besteht, wie es niir .scin‘iid. dnrin, 
dass es nooli verfriibt ist die pbysiologiscben Eigentiitnliclik.ntcii niit irgcn.l 
einem einzigen Merkmale der Pflanzenstruktur zu verkniipfcn: in .liesein 
Gebiet soil nocli eine weite und vielseitige Orientierimg gitsehclien. 1 )ic wildcn 
Pflanzen liaben fiir ein solches Studium viele Vorziige, da zwisi-hen iiuicn 
versebiedenartige und scharf charakterisierte okologische Typcu crvviiblt 
werden konnen. 



V'ta.lO. Galium, vemm. Fm. ll. Galmm mirinla. 

1, 2 und 3 vergriissert reap. 46, 1*5 und 


Im folgenden werden wir einige von mir (mit meiner Gehilfin, B. F. Leisle) 
erbaltene Materialien zu d ieser Frage angeben, welclie nur einen An fang 
unserer Untersuchungen in dieser Richtung bilden. 

1. Em VEKOnEICHEND-ANATOMISCHES .STCWUM DER OKOnOOXHOHES ElflEN- 
TUMLICHKEtTEN EINIGEE AETEN DEE AsPERULA UNI) (JAtdUM. 

Die fiir das Studium erwahlten Pflanzen stammen aus deni Gouvern. 
Voronesh und nur in einem Falle aus dem Gouvern. Saratov. Angaben iiber 
die naturlichen Staudorte dieser Pflanze Bind aus Tabelie XIV zu entnehmen. 
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2. Em VEEGLEICHEND-PHYSIOLOaiSCHES StUDIUM DEB TbANSPIRATIONS- 
INTENSITAT BEI DEN OKOLOaiSOH-VERSCHIEDENEN ArTEN VON AsPERULA 
UND Galium. 

Zu den Versnclien wurden die unter Wasser abgesclinittene Sprossen mit 
vollstandig entwickelten aiisgewaclisenen Blattern gebranclit. Es wurden 
Asperula glauca mit Aspemla odorata, Galium verum mit Galium cf uciataundL 
dann Aspemla glauca mit Gal. verum und .45^?. odorata mit Gal. cruciata u. s. w. 
verglichen. Der Ziistand der Spaltdffnungen wurde mit Hilfe der Infiltrations- 
metbode kontrolliert. Ueber die Einzelheiten der Versuche vergl. unsere Arbeit 
in russischer Sprache. Als Illustration wird eine der Tabellen angefiilirt. 

TabelleXVL 


Die Transpiration dfti' 

Der Versuch war Wasser verlust in Milligrammen pro 100 quadr. Asperula glauca als 

angestellt Gentim. Flache wahrend 100 angenommen 


Der 

f 

Bedin- 

15 Min. ■ 

15 Min. 

30 Min. 



30 Min. 

30 Min. 

”3GMin. 

tanzenname 

Datum 

gungen 

1*34 


-2*34 



1-34 

-2-34 


erula glauca 

5. ri. 

Im Vegeta- 

166 

135 

364 

— 


100 

100 

„„„ _ _ 

. odorata 


tionsgehause 

. . 42 . 

57 

114 

— 

' — 

32 

31 





hei diffusem 











Licht 














15 Min. 

15 Min. 

30 Min. 

30 Min. 

30 Min. 







2-30 


-3-30 

2-30 

-3-30 


. glauca 

5. yi. 


— 

■ ' 

113 

150 

263 

100 

100 


. odorata 



— 

■■ ,■— - 

49 

73 

146 

46 

56 





15 Min. 

15 Min: 

30 Min. 

30 Min. 


30 Min. 

30 Min. 

30 Min. 




10-34 



-12-04 


10-34 


-12-04 

. glauca 

13. vi. 

Daraussen in 

279 

314 

697 

836 

— 

100 

100 

100 

, odorata 


der Sonne 

140 

148 

270 

288 


41 

39 

34 


Im Allgemeinen waren folgende Resultaten erzielt worden. 

1. Die Steppenarten zeigten eine weit grossere Transpirationsmtensitat, 
als die Wald- (Scbatten)arten; der Unterschied war ziemlicli bestandig und 
die Intensitat verbielt sicb etwa wie 100 zu 30-60. 

2. In Hinsicbt der Transpirationsintensitat, wie aucb der anatomiscben 

Eigenscliaften, verhalt sicb verum zu G. cruciata unge&hx so, wie 

Asperula glauca zu A. odorata. 

^. Asperula tinctoria nsich. ibrer Transpirationsintensitat, wie nacb ihren 
anatomiscben Merkmalen, nabm einen Platz zwischen der Asperula glauca und 
det A. odorata eiu. 

Unsere Versucbe weisen kurz gesagt auf einen wunderbaren, fast matbe- 
matischen Parallelisnaus zwiscben der Transpirationsintensitat und den 
anatomiscben Eigenscbaften der Pflanze, und dieser Parallelismus ist natur- 
gemass als eine Abbangigkeit der Eunktiom vpm Ban zu deuten. 

In letzterer Zeit lasst sicb eine Tendenz bemerken den anatomiscben 
Merkmalen alle Bedeutung fiir die Bestimmung der Widerstandsfabigkeit 
gegen die Diirre und der Xeropbilie der Pflanzen abzusprecben. 

Diese Verneinung erscbeint uns als voreilig : im Gegenteil man sollte docb 
den pbysiologiscben Wert der anatomiscben Cbarakterzuge ergriinden. 
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Ehie bemerkenswerte Uebereinstinimunj]; der Verglcicluinji.szuhk'n fiir die 
Liinge der Nerven pro OberflacheneiiAeit viiid der Traiispiridioiisinti/issitiit 
bei einaiider entgegengestellten Arten von Asperulu iind Ualiiiiii liisst sicli 
erkeimen. Diese Ueberemstimmung wird dtircb Talxdle XVii beieuelitet ; 
diese Tabelle enthalt auch einige Data zur Erliiutening der iuig<«ge[ietien 
Ergebnissen. 

TabelieXVII. 

VergleioheiideLikigedor ; 

Ncrven pro Emheit 

der Oberfliiche ' Vergleieheride 

der Blatter — .* 


Asperula glaiicci 

100 

im 

100 

UKI 

1,00 

Bmi 

I(,H) 

Asp. tinctoria 

60 

— 

— ■ 

— 

— 

HI 

67 

Asp. odorata 

33 

32 

31 

46 

56 

54 

54 

Galium verum 

iOO 

100 

100 

1(K) 

' 

; 

. 

G. era da ta 

37 

46 

33 

53 

. — 

; ' 



Wir miissen jedoch diese Ueberemstiinmiing niclit iiliersehiitzon : das 
Entsprechen der Striiktur uixd der physiologisehen Kigeiisehaften stdite iieeli 
bei verschiedenen Pfbinzen, imd in versehiedenen Riehtiingtm In^Ieutditet 
werden. Ziim Bchliiss will icli iioch einige Pxniierkungeu iilH*r ^lie Spaltofl- 
mingen anfiihreii. 

Bei unsereri Versuchen fiber die Transpiration haben wir nielirniuls don 
folgenden tliiistand angetroffen: die zn deni Versiudi gentnnmeisen IVielx* 
transpirierten am Anfange, sehr scliwach. Es fand sieli in diesmi Fiilleii, class 
die Spaltbffnungen “derjenigen Pflanmi in der Anstait, von denen man dic^ 
Triebe ^ abgesclmitten hat, schon geschlossen waren. Desha!!} wnrdcx der 
Stand der Spaltdffnungen bei dem Aiifstellen (hn Versindic^s scdicjn in der 
Anstalt kontrolliert. Bei alien Versuchen, die bier beschrieben sind, staninieii 
die Sprossen von Pflanzen mit offenen SpaltfifTn ungen aln 

Der Sommer won des J. 1922 war anfangH feiicht iind kiihl; die Ptlanzen 
in der Anstalt waren verzartelt. Als nachher sehr heisse Tage aiiftraten, s<i 
schlossen einige von diesen vermytelten Pflan 2 :en die Sfialttiilniingen schon 
am friihen Morgen. 

Diese Erscheinung ausserte sieli besonders scharf bei uiist^ren Exemplaren 
des Galium venwL In der 2 weitim Hiilfte des Tages konnton dic^ Versuche 
mit dieser Pflanze nicht vorgenommen werden. Manclinial waren die 
Spaltofl'niingeu bei dieser Pflanze schon nm 1! v. Mitt, gescdilossen. 

line besondere Eeihe unserer Arbeiten bilden die vergleiclienden \k.*rsiietie 
liber das Austrocknen derselben Arten von Aspenila und i laliiim. Hier treffen 
wir winder ein eigentiimliches Verhalten der Spaltdffnimgen bei den versehic?- 
denen Arten an. Z. B. bei A^'pendu glatiea bliaben die Spaltf^ifiningeii bei 
Licht offem selbst bei einer starken Vertrocknung. Ks ist mf^glieh, ihm das 
Bchnelle Vertrockneii einiger Xerophyten mit dieser Befaliigiing vc^rbuiiden 
ist. IJeber diese Versuche gedenken wir in einer besonderen Arbeit Mitteiliing 
zn machen. 
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SGHLUSSBEMERKUNGEN. 

In der vorliergelieiiclen Aiiseiiiandersetzung haben wir diejenigen Wege iind 
Mittel besproclien, diirch welcbe die wilden Pflanzen nicht iiur die iingiinstigen 
aiisseren Bedingiiiigen ertrageii, sondern auch die ilinen feindlicbeii Natiir- 
krafte zu ilirem Niitzen anwenden. 

Wenn man in den, dnrcli Versalzung umgekommenen Baimiwollenr 
plantagen Txirkestans, die ansserordentlich iippig sicli entwickelnden suk- 
knlenteii Salzpflanzen beobaclitet, so taiicht wobl der Gedanke aiif, ob es 
nicbt moglicli ware, vsolche Rassen der BannawoUenplianze ansfindig zu 
macben, bei denen die grosse Salzbaltigkeit auf die Entwicklung stim.nlierend 
wirken wiirde. Dass dieser Gedanke keine blosse Utopie ist, wird dadiircli 
gezeigt, dass in demselben Gebiet sick eine Form der Bauinwolleiipflanze 
mit etwas sukkulenteii Blattern mid einem erliobteii osmotisclien Driick 
findet* Es sclieint als ob die Natiir damit beginnt eine fiir Salzboden geeignete 
Rasse der Baumwollenpflanze zu erschaffen. 

Bei einem imserer Versucbe baben wir eine Kultur des Pbaseoliis stark 
versalzt, indem die Konzentration NaCl im Substrat auf 1 % vom gesamten 
Wassergebalt gebracbt wiirde. 

Pbaseolus w^arf seine Blatter rasch ab, wmbrend die Wasserdriisen eine 
Fliissigkeit mit einem grossen Gehalt an Kochsalz ausschieden. Hiermit 
ist wieder der Gedanke verbunden, ob es nicbt moglicb ware, bei Pbaseolus 
eine solcbe Rasse zu finden, welcbe ibr Leben auf ziemlich salzbaltigen Stand- 
orten, nacli dem Typiis jener Halopbyten, welcbe grosse Mengen leicbtloslicber 
Salze ausscbeiden, verbringen kann. 

Wir wollen damit sagen, dass fiir die Forderung der Pflanzenzucbt unter 
neueii Bedingungen, wobl aucb neue Wege auf der Basis eines okologiscben 
Studiums der wilden Pflanzen zu sucben sind. 

Die Landwirtscbaft arbeitet bis jetzt nur mit wenigen okologiscben 
Typen. Man muss nocb neue okologiscbe Typen von Kulturpfianzen ausfindig 
macben und iintersucben. 

Ueber die Binzelheiten der Versiichsaufstellung u. s. w., mit Hinweisungen 
auf die Literatur siebe folgende unsere Arbeiten in russiscber Spracbe. 

B. A, Keller. ‘'Versucbe nebst einigen Ergebnissen uber die Oekologie 
der Salzbodenpflanze — Salicorma Jierbacea L.” Zeitschrift fiir das Ver- 
suchmesen des Mittleren Schwarzerdegehiets, 

2. B. A. Keller und E. P. Leisle. “Die Pflanze als lebende Mascbine.” Ihid, 

1922 

3. B. A, Keller. “Zur Erklarung der Oekologie derjenigen Salzpflanzen, 

welcbe die Salze nacb aussen bin ausscbeiden. Versucbe mit Fm 
pulvemlenta (Bald im Druck zu erscbeinen.) 
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ENGLISH SUMMARY. 

The object of the paper is to summarise the results of researches on the 
form, structure, and ecology of certain wild species of plants inhabiting the 
dry regions of south-eastern Russia in order to obtain indications as to the 
best culture plants to grow in these regions, at present hardly invaded by 
agriculture on account of the drought and high salt content of the soil 

I. Salicornia herbacea. 

1. Transpiration and drying. 

The highly salty soils (mostly NaCl and Na 2 S 04 ) are often associated with 
high water content, owing to a high water table. Two halophytic types occur 
in such regions: {a) succulents with much salt in their cell-sap, {h) non- 
succulents which excrete salt in considerable quantity. The glasswort is a 
good rep.resentative of type {a): it is often a pioneer on salty ground. In 
spite of work by many investigators we are still far from understanding its 
ecology. 

Plants cultivated without NaCl showed a high and even transpiration. 
This diminished as the salt was increased, was still fairly high with 1 % 
NaCl, but quite insignificant with very high concentrations. Transpiration 
diminished at the time of flowering, but this is less important to the plant. 
The plant absorbs far less salt than water. In a 3 % culture solution a 
plant transpired enough water to raise the salt percentage of its body to 
70 if it had absorbed the solution as it stood : in fact the percentage of salt in 
the body does not exceed 1 to 2. In a 5 % culture solution the transpiration 
curve is very similar to that in a 1 % solution, but the transpiration at night 
is diminished. 

Assimilating shoots cut off from the roots show the same variations in 
drying out as transpiring plants ; in the first few minutes they lose water at 
about the same rate. Plants grown without salt lose water much quicker than 
those grown in salt solutions. From these results it appears that plants grown 
in salty water show a much greater resistance to water loss than those grown 
without salt. They also show a high osmotic pressure, and this may well be 
the cause of their resistance to water loss. The influence of salt also brings 
about the succulence, the strong development of water tissue and the decrease 
in the number of stomata per unit surface (Batalin, Lesage, and others). 

2. Development of Salicornia in relation to the degree and land of salinity. 

The plants were grown in sand cultures saturated with a solution of 
nutritive salts, to which were added sodium and potassium salts in equi- 
molecular proportions to sodium chloride, with controls. The results showed 
that Salicornia grew best in a medium degree of salinity. In normal nutritive 
solution the plants remained backward in growth, had very thin assimilating 
joints of an intense green colour, and an increased transpiring surface per 
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unit volume. On tlie addition of certain salts the plants ^rew as they do in 
tlxeir natural liabitat. The sodium salts have a stronger cdlVsd tliaii tlie 
potassium, the chlorides than the sulphates. The greatest ellVfvt is prn<hif‘ed 
by sodium chloride in medium concentration (0*8% of the water iiset! in 
the sand cultures, 1 % in the. water cultures produced a inorc^ luxiindint 
development than the wild plants showed). The curve of develfxpincnt falls 
on each side of this optimum concentration of Nad. The curves of 
however, continues to rise with increased concentration of Nad. A marked 
increase in sncciilence was obtained with a small addition n! Na K salts 
to the nutritive solution (1 gr. of NaCl or 1*3 gr. Kf1 to th(‘ 4 gr. of iiiixiHl 
nutritive salts which each vessel contained). In higlier ]>rf)|)ortimi (I *2-8 gr.) 
KCl worked differently from NaCl, producing no further Indglitenitig of growtli 
and even some reduction; while in very high proportions Kd producHHl nuK'h 
weaker growth than an equimoleciilar quantity of Nad. T1h‘ highest pro- 
portion of KCl (64 gr. per vessel) produced partial death of i lie plants. Xa^SCIi 
promotes growth, Iiixiiriance and succulence, hut much hss than Nad. In 
comparison with the other salts ha.s n r(‘ljitiv(‘ly w(‘ak stimulating efTiai 

on the plants. A high K-content of the substratmn probably has a- toxic 
effect. The author must therefore qualify his agreement with Bernal sky tluit 
the kind of salt has little influence on halophytes, but we may HtqipoH«‘ that 
KCl may form salty soils with typically developed Salirornia, 

Plasmolysis tests show that luxuriant plants raise their osmotic pressure 
but little or not at all. It is only when there is strong supfueHsion of growth 
by salt supply that the osmotic pressure is considerably raisfsl Tp to a 
certain point incnaxsial osmotic pressure seems to he an intenia! fax'tor ]>ro- 
moting g.rowth, and if growth is p.roce6ding with a (‘ertain iidenHily osmotic 
pressure does not rise too high. It was found that increa.se of growth, siu'ciu 
lence and osmotic pressure, through addition of Nad. also took place when 
transpiration was almost suppressed in a glass cliamlier. 

Cells which attain greater dimensions as a result of tlu^ swpplj of salt also 
show larger cell-nuclei. 

3. Balicornia herbacea fw /ur/umf Au/afuM. 

Fitting’s criticism of Rcliimper’s view^s on the xerophyf.ic nature of halo- 
phytes, and es|)ecially his statement that the acciiniulatiori of salts in the 
plant is wliolly indxvpendent of transpiration and depends solely (ui a pecidiur 
character of the plant such as the permeability of its protcjpiasm, cannot be 
wholly accepted. Fitting left out of account the different layers of soil to \vhii4i 
the roots of different species penetrate. For instance, in the deserts of IhirkuMl an 
the roots of JIMffi emwhrum, which undoubtedly hm a high Iraiispiriitioii, 
penetrate to fresh water below the salty surface soil At the mmo time 
Schimper’s statements amount to no more than a preliminary formula and 
require detaihsl working out for individual species imder their iiaiiinil 
oil rn. of Ecology Nl II ,C' 
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(litions. Sdicornia herbacea is a water-loving halophyte and at germination 
almost a water plant. The seed germinates normally in a weak salt solution, 
and very well in distilled water, though fairly well in a 2 % solution of Nad. 
After germination its growth is stimulated by salt and thus it uses the spring 
season when the soil is rich in water and the salt content moderate. The 
osmotic pressure remains relatively low, the salt which is accumulated being 
distributed through an increasing tissue mass (cf. Schimper’s view that the 
water tissue protects the assimilating tissue from excessive accumulation of 
salt). In the hot dry summer the salt content of the substratum passes the 
optimum for the growth of the species, which is checked, large quantities 
of salt are accumulated and the osmotic pressure rises, preventing over- 
transpiration of the assimilating cells, though there is still a daily rhythm of 
transpiration which affords a certain protection of the surface from over- 
heating. The absolute quantity of water absorbed is small. Later the green 
fleshy cortex loses its chlorophyll, dries and is cast off, this process progressing 
upwards from the base of the main stem to the branches, at the period of 
flowering and fruiting. This description is illustrated by examples of plants 
growing in different conditions. The author holds that if a given character 
is submitted, through the influence of external conditions, to a constant 
one-sided modification, a heritable alteration in the same sense can arise by 
an effect on the corresponding gene. Though it is a highly Specialised form 
of salty soils the glasswort retains a high plasticity in this respect, and it is 
possible that the fixed hereditary quality is only a great flexibility, a capacity 
for becoming succulent under the influence of salt and a quick response under 
the influence of relatively weak concentrations of NaCl and KCl. 

If the seeds of the glasswort fall on a very damp but not salty spot, the 
plants grow weakly, develop little succulence, are badly protected against 
drying, and are suppressed by other plants. In correspondence with the re- 
duction of surface the plant is light-loving. 

II. FrANKENIA PULVERULENTA L. 

This little annual is a good example of a halophyte of type (6), which 
excretes great quantities of the easily soluble salts. Type (b) is well repre- 
sented in S.E. Russia by Franhenia puherulenta, F, Ursula, Tamarix Pallasii 
dbJid. Uspida, Statice caspia, tomentella, otolepis, perfoliata, Cressa cretica, 
Aeluropus littoralis and repens. They inhabit places with good salt and water 
supply, and act to a certain extent as pumps, raising the easily soluble salts 
from the deep to the surface layers of soil. 

Riihland’s work, mainly on Statice Gmelini, besides other valuable results, 
has given a good experimental foundation for the view that the copious ex- 
cretion of salts has the function of freeing the living cells from a superfluity 
of them. Our experiments have shown that Franhenia is not, like Salicornia, 
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strengtliened by a supply of salt. Addition of 0*1, 0*5 or Ml 
luxuriant growtli, scarcely diflering from that in the normal luilrilivo soliitioii 
without addition. With 3 to 5 % NaCl a considerable suppression of growtli 
occurred, while in higher concentrations still the plants do not will easily, the 
leaves remain fresh and the osmotic pressure is notably raisetl, Tlie liltle 
drops of water on the plant are derived mainly, or almost exelusiveiy. from 
the interior of the plant. Condensation of water from the air during a. wlmie 
night in the moist chamber is inconsiderable, but gains in ainoiinl with 
increase of salt. The excretion of liquid from the plant is much greaUu in 
the plants supplied with salt so long as the salt does not reach too high a 
concentration. The excretions of easily soluble salts are to be regarded as 
an external osmotic mechanism which sucks Wtater from llie inlerior of the 
plant. ' If the excreted water is sucked away with blotting paper, the powtu* 
of the plants with a salt supply to excrete water is greatly lessmied. Ihit this 
power is in great measure restored if the plant is sprayed with a solution of 
common salt and the newdy excreted drops allowed to <lry so that a salt 
incrustation remains on the surface. An extraordinarily grc‘at excretio!i of 
liquid can also be obtained from cultures which have liad no salt supplied to 
them by spraying with salt solution and subsequent drying of! of the drops, 
and the same result can be obtained by sprinkling powdcucsl NaC1 (m the 
cut oi! shoots of Frankema which have had no salt supplied t<» them l>ut, 
have been placed with their cut ends in distilled water. 

HI. The Plant as a Living Machine. 

It has recently been shown that many plants with the cliaracters of 
xerophytes dry out easily and quickly (Salensky, Keller), ami that plants 
from sunny habitats evaporate more water per unit surface than those of 
shady places in woods (Maximofl). The contradiction app(‘ar8 tfiat- iminy 
plants conspicuous in dry habitats have such characterH as wax covering or 
pubescence which' must dimmish evaporation, and yet xerophytes which 
possess all these characters are apparently not resistant to water loss. It is 
necessary, in order to resolve such contradictions to study the whole plant as 
a living machine. It is very important for the plant as a wIicjIc that absorpt ion 
and loss of water should be in equilibrium. This is brought about by the 
mutual relations of the abso,rbing. and transpiring organs, the water ehaiim‘ls, 
water tissue,, etc. Species which are sharply contrasted ecologically but. e!ost‘iy 
allied taxonomically should be compared. The ecological differcmces will 1 h* 
illuminated by the common plan of construction. This method hasnot liitlierto 
been systematically used: little attention has been paid to fln^ (|uaiiiitativf* 
characterisation of anatomical data. The physiological value of varitms 
ecological characters of form and structure have to be eBtabliBlicd. 
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1. Com-parative anatomical study of the ecological peculiarities of certain 
sjjecies of Asperula and Galium. 

Tlie data obtained sliow a quite surprising, almost matbematical regularity 
of quantitative anatomical characters. The woodland and steppe species are 
moulded as if by a stamp, repeating the same features on different but parallel 
evolutionary paths. In the steppe species the stomata are much more nume- 
rous than in the woodland ones and they tend to be distributed on the upper 
sides of the leaves. The approximation of the ecologically corresponding 
species of the two genera is expressed in the anatomical structure of leaf and 
stem. Apart from the characters given in the table, the xeromorphism of the 
steppe species is expressed by their leaves assuming an acicular form and by 
their edges being rolled downwards. The green tissue (and the whole leaf) 
is much thicker, a fact which perhaps demands an increase of the stomata 
per unit surface. The palisade tissue is strongly developed and the cuticle is 
thick. A physiological regularity must naturally correspond with this regu- 
larity in form and structure, and this is shown in the next section. Single 
narrow taxonomic groups have limited definite paths of ecological evolution. 
The two genera in their adaptation to the external conditions of wood and 
steppe use the same means. The ecological approximation corresponds with 
the phylogenetic in spite of the difference of floral structure, so that the 
ecological evolution of the nutritive organs crosses the evolution of the flower 
in a remarkable way. The close resemblance of Galium and Asperula has 
often been noticed. In Australia Asperula geminifolia and Galium gemini- 
folium are closely similar, and are distinguished only by the stiff spreading 
growth and the corona characteristic of Galium. 

2. Comparative physiological study of the intensity of transpiration in 
ecologically different species of Asperula and Galium. 

Shoots cut off under water and with completely developed leaves were 
used. Asperula glauca, A. odorata, Galium verum and G. cruciata were com- 
pared in pairs. The following results were obtained. The steppe species show 
a far greater transpiration than the woodland species. The distinction is 
fairly constant and the ratio 100: 50-30. Both in transpiration and ana- 
tomical characters Galium verum bears the same relation to G. cruciata 
Asperula glauca does to A. odorata. Asperula tinctoria lies between the other 
two both in transpiration and anatomical structure. The remarkable, almost 
mathematical, parallelism between transpiration and structure clearly indi- 
cates the dependence of the function upon the structure which it has been 
the fashion recently to ignore— almost to deny. Any such denial is at least 
premature. It is necessary, on the contrary, to evaluate the physiological 
value of anatomical characters. There is a notable correspondence between the 
comparative numbers for the total lengths of the veins per unit surface in the 
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contrasted species of Asperula and Galium, but its value sliouid not lii! (jver- 

estimated. 

Tlie stomata of shoots cut oil for transpiration work wen- sometiiiies 
foimd to be closed, so that transpiration was- at first very wesik, a,iid 111** 
delicate plants produced in the damp and - cool early suiuiiier of elesed 
their stomata very early in the day when hot dry weather cairns on. All tliff 
experiments recorded in the table were carried out with plants whose stoiiiata 
were open. In the experiments on drying out of the shoots of A^perula giauca 
the stomata remained open in light, even when strongly driecL 

Concluding Eem arks. 

In this investigation it has been shown how plants not mily proteid them- 
selves against the unfavourable influences of their environment, bnt even 
turn them to their advantage. By the study of the ecology of wild plants in 
environments similar to those in which cultivated phnits are to be growrn it 
should be possible to discover races which are thus capabh? of nna^tiiig special 
unfavourable conditions, and to extend the study to dilTerent pure strains u! 
cultivated plants. Several indications of the sort liave Ixvm met with in tin* 
course of the work. In this way we should be able t(^ widtm Ihe now viry 
narrow range of varieties in cultivation and to obtain much bfdter resuliH 
under various conditions of life. 
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I. Introductory Note. 

The notes wHcli follow are in the nature of a Review. It sometimes happens 
that work of immense value to the ecologist and the botanist is hidden away 
in official publications dealing primarily with other matters. In the present 
instance the official writings concerned are not even accessible to the general 
public and the writer is much indebted to Mr F. A. Leete, C.I.E., late Chief 
Conservator of Forests, Burma, and to Mr C. B. Smales, Chief Conservator of 
Forests, Burma, for permission to extract and publish the information given 
below. The writer claims no personal share in the work; it is a compilation 
of the observations of the following officers of the Forest Service in Burma: 
Mr A. W. Moodie, M.A., Mr C. R. Robbins, B.A., M.C., and Mr C. W. Scott, 
B.A. Major R. C. Kemp, who was in charge of the actual survey, kindly took 
much trouble in providing the photographs with which this paper is illustrated 
and in helping the writer to select representative ones. 

11. History OF THE Survey. 

The tidal forests of the Irrawaddy Delta have long been a valuable source 
of timber and fuel for the towns and villages of the rich rice-growing regions 
of the Delta. The most valuable tree is the Kanazo which 

may reach a height of 150 ft. It will be obvious at once that the tidal forests 
are very different from the mangrove swamps which here occur as fringes, 
but which elsewhere may form the principal vegetation of tropical deltas. In 
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order to protect them from rutlilesB exploitation and deHtriietioii tin^ more 
important of the tidal forests were formed into Uovernmeui IA)reBi Reserves 
between 189 d and 1901. In the majority of eases the Forest Reservi's in Itulia 
and Burma are mapped by . the Survey of India the scale of I ins. to ilie 
mile. Armed with these topographical maps the F(»rest Ollieers tlieii iirepare 
a report on the arboreal vegetation (with special reference to exploitubli* 
species) of the forest (which is divided into ‘‘compartments'') arul. draw up u 
scheme of exploitation consistent with contiimous regeiieration. The rej)ort 
and scheme is known officially as a "‘Working Plan'’ and is iisually accom- 
panied by a rough ‘hstock map’’ showing the distribution of the vahialde types 
of forest or forest species. 

In the case of the tidal forests of the Delta, a topographical survey was 
extremely difficult, if not impossible, and remaiticd unaccoiiiplishetl. \n 
adequate' examination of the vegetation was almost equally cliflicult— the 
most the Forest Officer could do was to cruise through all t!ie creeks which 
would admit a small launch and to make occasional excurHif)ns iiitc? tlie 
indescribably filthy mud of the forest itself at low tide, it liupptms, howeV(*r, 
that the creeks are often fringed with forest of a. very dilTerent type - in fad 
with almost useless mangrove swam])— and it is a matter of guess w< irk to 
attempt to estimate what lies behind. Some years a, go (luR!) d<iubts were 
expressed as to the value of much, of the reserved forest and proposals were* 
set on foot to abandon a large part. Without ])roper investigation Hindi a 
course was obviously unwise and to Mr A. W. j\loo(iie fid! the task of drawing 
up a Working Plan. Without maps — except ine<implete sinail sc-ah* oiuss - 
Mr Moodie set to work and has produced an encyidopaedii^ Working Plan, 
which apart from being a mine of information on the tidal tre.es of Burma is 
a monument 'of industry under difficulties'*-. Mr Moodie’s work proved (‘on- 
clusively the value of the forests and the need for a more det.ailf 3 d survey. 
After preliminary negotiations a- contract was signed on July PJ2J, 

between the Government of India and Major R. V. Kemp for an ac?rial survey 
of about 1000 square miles of reserved forest. Tlie aerial survey was undertaken 
primarily for the construction— by the vSiirvey of India-^- of l-iiich-to-thtMuile 
maps. Many of the provisions in the schedule to the contra<?t are to that end, 

, notably the time of day at which photographs were to be taken. The use of 
the aerial photographs in vegetation survey was unknown and was given a 
somewhat secondary consicleratioii, though the scdiedule stipulated tliut photo- 
graphs w’ere to be submitted to enable the Forest Officer to construct a stock 
map.' Major Kemp convmenced work in January, 1924, and liy the mid of 
March the photo-mosaic was complete. During the (;ours4) of the work two 
Forest Officers— Messrs G. R. Robbins and C. W, Hcott-'-dlew over repre- 

1 Working Plan for tfm PoreM^ of tim IrramuMg Burma, 5, riitli r si. urdr 

of Govomaient ft fow oopit^n of W'orkiiin PlftTia ftw*, itt tho future, tti Im* plftml on t*) tlif piiWti* 
ftt tho Govomment Book DepU, Eitagoon. Tho pmmut Fto will bo mnihhk in thirt wju'. 
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sentative tracts of ground. With their kind permission the substance of their 
observations will be given below. 

III. The Aerial Survey. 

Major Kemp established his hydroplane base at Monkey Point, Eangoon, 
where all photographic work was also carried out. From Eangoon to the 
furthest i^oiiit surveyed is about 120 miles (see Fig. 1). Hydroplanes were, 
of course, used. 

According to the schedule to the contract the work could be performed 
using either 

(a) a 7 in. x 7 in. negative with a 10-in. F.L. lens to be exposed at a 
height of not less than 12,000 ft., giving a scale for the photographs 
of 4-4 ins. ~ 1 mile and each negative covering 2*5 square miles; or 

(b) a 5 in. x 4 in. negative with an 8-in. F.L. or 6-in. F.L. lens to be 
exposed at a height of not less than 10,000 ft. or 13,300 ft. respectively, 
giving a scale for the photographs of 3*17 ins. = 1 mile and each 
photograph covering 2 square miles. 

Actually, however, all photographs were taken from a height of 10,000 ft., 
quarter-plate negatives being used and the actual scale obtained being 
3*3 ins. = 1 mile. Departure from mean height at which a series of photo- 
graphs was taken was not allowed to exceed 1 per cent, or 100 ft. in 10,000. 
Special precautions were taken to avoid tilt, which, it was stipulated, should 
not exceed 2° in 75 per cent, of the photographs and in no case to exceed 3°. 
The overlaps for the photographs, both lateral and forward, was to be 30 per 
cent., or not in any case less than 20 per cent. 

For experimental purposes a number of photographs were taken from a 
height of 5000 ft., but it was found that no more detail was visible than in 
enlargements from photographs taken at 10,000 ft. 

In order that narrow creeks should not be masked by shadows the Survey 
of India stipulated that all photographs should be taken between the hours 
of 10 a.m, and 3 p.m., when shadows are short. As will be noted in the sequel 
photographs taken before or after those hours are more valuable in the con- 
struction of a vegetation map as length of shadow affords some conception of 
the relative height of vegetation. The value of oblique photographs taken 
from lower levels, for the same purpose, was not appreciated till somewhat 
too late in the work (compare PI. XI). 

Panchromatic plates were used. Mr Eobbins expressed a slight disappoint- 
ment that the varying shades of green did not come out well but the photo- 
graphic expert doubted whether the use of orthochromatic plates would have 
been beneficial. 
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IV. Plaot Succession IN THE IiiKA.WA])Ov ^ 

Before proceeding to an iiiterpretation.' of the aerial photograplis it will be 
advisable to simmiarise what is known of plant siiccessioii and vegehilinji 
types in the Irrawaddy Delta. Colonel English, an othcer of Co\'erii!in*iil 
who took much interest in the Delta Forests, drew up a classiticalhm of 
vegetation after having toured through the Delta Keserves j!i tin latler part 
of 1916. His Note on Mr Lawrem^s Report on DiHofforesiaiooi of oj ike 
Irrawaddy Delta Reserves (printed for Goveriiinent on February 21t!i, !917) 
contains many facts of interest and considerable lists of plants. It is t,o 
Mr Moodie, however, that a more exact description is due and the following 
account is summarised from his observations. 

A casual glance at a map of Burma will show that tlie Irrawaddy Kiver 
commences to give of distributaries about the latitude of lleiizadu (1 7 ' N.) 

and finally the waters of the river :empty themselves into the sea. through a 
number of mouths stretching from the Bassein Jliver on ilie west to tlie 
Hlaing or Eangoon River on the east (see Fig. I), The main flow of fresh 
water, however, passes down the Eya River and ndghhombig waterways. 
Very little water indeed passes down the Bassein River and the distributaries 
in the west of the Delta, such as the Ywe. It billows, tlierefore, that the river's 
and creeks in the western part of the Delta are tilled mainly witli salt water, 
the distributaries in the centre and towards the east with fresh or hi’uckish 
water. The Irrawaddy has only one flood season; rising rapidly in May aiu! 
June — when the monsoon breaks— to a maximum aiiout August and then 
commencing to fall, tlie lowest water being reuduMl aiiout .\lareh or April in 
the height of the iiot season. 

With two exceptions the whole of the.seaw'ard half of the Deita'-- tiie area 
now under consideration— is flooded by spring tides during the rains m high 
water season and much also by neap tides at other seasons. The two (‘X(‘f‘plionH 
are firstly the sandy ridges along the sea face— dune sand, thrown up by the 
^aves — which rise to 3 or 5 ft. above the general levcd ami secondly the 
" Myaimgmya ridge which rises in places to 120 ft. above sea level, Tim latter, 
like the ridge on which part of Rangoon stands, is also certainly of tectonic 
origin, though the Tertiary rocks of which it probably consists are masked by 
lateritisation and covered by sandy or even gravelly soils. Apart from these 
two exceptions the level of the Delta does, not vary more than a few iiidies, 
and the formation is entirely alluvial. 

The water of the Irrawaddy is' never clear, it carries vast epuintitievs of silt 
and mud. Deposition takes place- both in the Delta and (uit sea and 
deposition seems to be greatest when a rough ecjuality between the vohiiiie 
of fresh and the volume of salt water is reached. Deposition takers 

place lower down the channels in the high water Beason ami also lower down 
those channels in which the water is eom|mratively frcbii. 




According to Moodie tlie new deposit of mud as soon as it is exposed 
during low tides afiords a foothold for vegetation. Grasses appear first and 
help to collect more silt and also floating seeds, especially those of Eambala 
{Sonneratia apetala). The spreading roots of this tree collect silt and the level 
rises till the Kambala is killed and Kanazo {Hefitiera fomes) trikes its place. 
It would seem that certain more vigorous specimens of Kambala survive and 
form big trees in the midst of Kanazo Forest. When tidal land has been 
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formed in tliis way, the perimeter is raised by contimied wliiist,. 

the inside may be lower and flooded by every tide. Near t!ie sen the ve|,^ef atioii 
may be killed by sand thrown up by the waves. 

From the fact that the coarser silt will be deposited iirst it follows that 
the soils in the northern part of the Delta forests are more loamy thaw furtlier 
south, where stifi clay predominates. The latter may sometiuies lie observeil 
to dry and crack during low tides, and supports a comparatively poor vege- 
tation. 

From what has been said it is obvious that level and saliiiity are the (*on- 
trolling factors in the distribution of vegetation. Very little damage is caused 
by wind, and cyclones are unknown. 

The classification of the conditions and vegetation proposetl by Mr Moodie 
is as follows: 

A. Not flooded at any time. 

(i) ‘Inland sandy levels — slightly higher than (ii) and trees witli roots 
in fresh water. 

(ii) Sandy levels near the sea face— trees witli roots in salt water. 

B. Flooded only during the rains. 

(iii) Clay high levels— flooded vrith water maiiily fresh. 

C. Flooded during spring tides. 

(iv) High intermediate levels—flooded with water, mainly salt, 

D. Flooded during ail tides (i.e. covered at high tide). 

(v) Low intermediate levels. 

(vi) Low levels flooded with water mainly frevsli. 

(vii) Low levels flooded with water mainly salt. 

The vegetation corresponding to each of the above set of coiiditions is as, 
follows: 

(i) Inland sandy levels, not flooded at any time. The flora is 
characteristic of the ordinary hill or plains forest and has little 
specially distinctive of tidal forest. Owing to the higli rainfall of 
the Delta region (90 ins. to 130 ins.) the vegetation is a variety of 
the Evergreen Dipterocarp' Forest which covers all tlie wxdter 
regions of Burma (type L 1 of Stamp, The VetjetatiuH of Barma^ 

' 1924). These inland sandy levels often occupy only a few* acres and 
. may rise as islands in the midst of the tidal Kaiiazo Forest; they 
are frequently cultivated, as 'fresh drinking wmtfjr is usually avail- 
able, 

■ ^ (ii) Sea face sandy levels or region of .Dune Forests. Wherever thr^ 
sea has thrown up -a line , of low sand hills there is usually a wide 
• grassy area with Ipommu mjmie and VaHamlia obiaaifidiu 
{Tpomaea-CammMa Asmeiution), Some 30f^ or BKl yds. back from 
the sea face may be older beaches or dunes with tree growth. On 
similar positions (i.e. dimes) round the coasts of Amkan, Tenas* 
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seiiiii, Malay Peninsula and most of the islands of the East Indies 
are found the Casuarina Dune Forests {Casuarina equisetifolia con- 
sociations, Type L 22 a of Stamp, Vegetation of Burma). In the 
present case, however, Casuarina is absent and the trees commonly 
present on the ridges are Albizzia jmcera (sit), Grewia microcos 
(myatya) and Eugenia spp. (thabye), together with a tall grass. 

(iii) Clay high, levels (known to the Burmans as “Kon-byaik,” i.e. 
high scrub). Such areas, being flooded only during the rains and 
then by fresh water, are characterised by the absence of the 
typically tidal Kanazo tree {lleritiera fomes)^ i.e. the ground has 
risen above the level for Kanazo. Such areas are covered either 
by (1) scrub forest or (2) grass. Tree growth is scattered and poor, 
whilst the undergrowth is thick and difficult to penetrate, con- 
sisting of a tangle of canes. Certain members of the undergrowth, 
notably Hibiscus tiliaceus (thinban), may form a densely matted 
consociation with no trees. Trees include thitpyu and myauk-on 
{Lauraceae), Elaeocarqnis liygropliiliis (panmauk-kon), Calophyllum 
sp. (talapi), Litsaea sp., Eugenia sp., Lagersiroemia sp., Mangifera 
sp., Diospyros sp,, and Amoora cuculata. Undergrowth includes 
Calamus erectus^ Phragmites sp., Pinanga sf)., Clmogyne dichotoma, 
Flagellaria indica, Calamus arbor escens and Hibiscus tiliaceus. 

(iv) High intermediate levels. Such regions are occupied by the 
highest of the true tidal forests. Trees like Kanazo which are 
characterised by “tent-peg"’ aerial roots (respiratory roots or 
pneumatophores) rising up through the tidal mud are present, but 
their aerial roots are very short. 

Where the water is mainly fresh the higher intermediate levels 
are characterised by large old Kanazo {Heritiera forms) — i.e. it is 
near the upper limit for this species — Pandanus foetidus, Litsaea 
sp., and Amoora cuculata y togcAkcr: with Cynometra ramiflora and 
patches of Calamus. Cynometra ramiflora (myinga) may occur as 
consociations forming “myinga byaik.” 

When the water is more salt, Kanazo occurs with an understorey 
of Cynometra ramiflora and sometimes Ceriops roxburgliianay whilst 
* the ground is covered with Acrostichum aureum. In places con- 
sociations of Hibiscus tiliaceus occm. As these lands are only 
flooded a few times during the year and then with salt water, 
evaporation at other times results in a concentration of salt in the 
surface layers so that the ground becomes impregnated with salt 
and affords the main reason for the poverty of tree growth. 

(v) Low intermediate levels. The largest and most valuable[of all 
the tidal trees of Burma— Kanazo or Heritiera fomes — flourishes 
best where the land is flooded daily by the tide but where the 
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waters disappear completely from tlie surface .several !i(airs 
twice daily. The optimiun for Kanazo and indetMl for flte triu* 
forests of the Delta may he described as lyin^^ bel wt‘en the !ii< 4 hest 
low-water mark and the lowest high-water fiiark hr t!u‘ year. 
Where the water is comparatively fresh, growth is mort* vig<frinis 
and the trees reach a greater height, but where tlie water is more 
salt, the stand is thicker but the trees attain only a mediiiiii girt In 
111 fresh water the 'avSBOciates of /fenKcm are Anainni 
Dysoxylum sp., Afzelda Mjuga, Barrwfjffmia sp., Cnbihnlmn sp., 
Acantlim ilicif alius, etc. (Type L 19 a of 8tamp). 

In salter water the associates are fewer in point of s'liecies and 
include the true mangroves {RMzoplom muenwalu and E. eaih 
jugata) and Ceriops roxhiirghiana. Other trees wliich may be 
present are Carapa fnolmcensis, C. obamtfi, BtugiEvra parrijiom, 
Excoecana agallodia, Sonmratia griffithii, (Aa'hcra (dull aw and 
Gynometra ramd flora. The common ground vegetation is Acrastiehnm 
aureimi (Type L 10 h of Stamp). 

(vi) Low levels flooded with fresh water, Sinh <‘ontlit!ons arf‘ found 
along the banks of streams in the northern pait of flu^ area under 
consideration. The vegetation does not vary greatly frcnn riparian 
vegetation elsewhere, thoiigh sonie times the mnr<‘ typieal Oeitn 
species Sonnerafia aeida may Imve taken possf^ssion. 

(vii) Low levels y flooded by salt water at all tides. This is the home 

of the true mangrove swamps (Type L 21 of Htanip). In many 
parts of the world the mangrove swamps co\'er wide sfrcuclies of 
deltaic mud flats, but in the Irrawaddy Delta they occur only as 
strips along the sea face and. along the banks of crec^ks imit tlii^ 
sea. The characteristic mangroves are uHarioiaia, TL 

covjagala and Sonneratm apeiah. Others which may occur include 
Brugaivra purvijkmi, Carapa ohoraia, and Huatuxaiia {frifllihii aud 
sometimes stretches of S. aeida. Nipa fralieans is cc^fiution. 
Another type of mangrove swamp is alfonled by alnuKst pure 
Ceriops roxhurghiana with slnnbs of Aegialliis roiahdifofia and 

The mutual relationslvip of the above types of vegetatiim will be apparent 
from the diagrammatic sections, Figs. 2 and S. In jmssing it may l.»e not(al 
that the majority of the tidal trees have pneuinatophores of varying character 
and seeds ada|)ted hr distrilmtion by wa 

V. InTEKCEETATION OF THE AeBTAL PnOTOnnAIUlS. 

The above account of the Irrawaddy deltaic vegetation, sumnmristal 
mainly from the c)l)servations of Mr A. W. Moodie and Ool. thiglisli, servers to 
show, amongst other things,., the types- of ■ vegetation which an* to ho distiii- 
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guished by the observer on the ground— bearing in mind always tlie difficulty 
of penetrating into the interior of the forests. It will be seen' now that smiu* 
of the above types cannot be separated in the aerial ])hotograi>lis, whereas 
one or two types which stand out most clearly in the photographs do not seem 
to the observer on the ground worthy of separation. 

During the aerial survey both Mr C. W. Scott and Mr 0. R. Robbins flew 
over the area, making independent observations and afterwards checking 
their observations at certain points on the ground. The types distinguished 
by them may best be shown in a tabular statement, witli a third column 
comparing their lists with those of Mr Moodie. 

C!a,%«sifk*a- 


Distingiiisliable in aerial photographs 

A 

By Mr C. R. Robbins 

( a) Kanazo Forest ( Heri - 
tier a fom.es) 


(b) Kanazo Forest, heavily 
worked 

(c) Kanazo Forest, with 
large Kambala {Son- 
neratia apetala) 

(d) Sandy areas with liJu- 
genia sp., etc. 

(e) Blanks and areas sup- 
porting smooth turf 

(/) Thinbaung byaik 
(Scrub of Phoenix 
paludosa) 

(g) Myinga byaik (Scrub 
of Cynometra ram - 
flora) 

(h) Other byaik (of canes, 
etc.) 

(i) Thayaw Forest {Ex- 
coecaria agallocha) 

{j) Madama-Thayaw 
Forest {Ceriops rox- 
burghkma — E, agal- 
locha) 


By Mr C. W. Scott 

(1) Kanazo Forest (un- 
worked high forest) 

(2) Kanazo Foiest (work- 
ed high forest) 

(7) “ Laige isolated Kam- 
bala trees standing 
above other growth” 


(4) Grassy or sandy arenas 
without trees or scnib 
growth 

((]) “Thinbaung in cir- 
cular chimps in by- 
aik” 

(3) Scrub jungle or byaik 


(5) Thayaw High Forest 
Not separated 


(8) Belts and Groups of 
younger Kambala 
trees and of Tham^ 
trees ( = w of Plate III, 
fig. 1) 


Previously distinguished 

tion of 
Stamp 

on the ground i»y 

( VegdatUm 

Mr A. \\b Moodie 

of Burma) 

(iv) and (v). Intermedi- 

L 19 a 

ate levels — Kanazo 

L 19 b 

Forest 

Not separated 

L 19 var. 

L 19 e 

(i) and (ii). IrdancI samly 

l4 1 var. 

levels and sea face 

L 2,2 b 

sandy Icv'els 

(iii). Clay high levids. 

1. 20 blanks 

part (grassy), also sea- 
face 

Not separated 

L 2(1 0 

Patches oeeurrintf in (iv) 

hmb 

— myinga byaik 

(iii). Clay high levels. 

L 20 

part, liyaik or Hcrub 

Not separated 

L 21 c 

(vii). Low levels 

L 21 b 


Not separated 


Notes on the Tahh of Comparison . 

(1) In general it would seem that the important types of vegetation arc 
as easily distinguishable in the aerial photographs as in a ground .sur^'cy. 

(2) A few important types cannot be easily separated in the jdiotographs. 
There is little or no difference between the Evergreen Diptcroenrp Forests (on 
inland high sandy levels) and the Dune Forests (on sea face high sandy levels). 
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blit the two can be separated by reason of the known difference of occurrence. 
It is, however, a matter of difficulty to separate the former from the Kanazo 
Forest in which it may occur as patches. 

(3) There are a few types which stand out extraordinarily well in the 
photographs which one would not so readily separate on the ground. The two 
outstanding examples are the Kanazo Forest with large isolated kambala 
(Sonneratia a/petala) and the byaik with little ‘"blisters” (as they appear in 
the photographs) believed to be of thinbaung {Phoenix pakiclosa). 

(4) Mr Robbins states that he does not “claim that the whole area, 
without exception, can be allotted to one or more of these types, but merely 
that it should be possible to recognise these types wherever they appear.” 

(5) Mr Scott, \mting of the types which he has separated, is not very 
confident regarding the recognition of his type (5) Thayaw Forest, though 
thayaw in contrast to nearly all the common trees of the Delta Forests is 
deciduous and leafless in the hot season. He notes that his (6) is only a variety 
of (3). With regard to his type (8) the difference in the hue of the foliage of 
kambala and thame enables these two to be separated by the eye in flying 
over the ground, but not in the photographs. He considers his (1), (2), (3) and 
(4) major and well-defined types, (5) needs further study, whilst (6), (7) and 
(8) may be considered minor types only. Further study should permit the 
separation of (1) into at least two qualities and also allow the separation of 
another major type (sandy high levels, type (d) of Robbins) wdiich at present 
is not easily distinguished from Kanazo Forrest. 

VI. Mr C. R. Robbins’ Summary or Results. 

Apart from flying over the Delta Forests Mr Robbins flew over some of 
the well-known Evergreen and Teak Forests of the Pegu Yomas — at that time 
of the year, February to May, leafless — and was able to incorporate his 
observations there. The following summary is taken from his report, with the 
addition of some explanatory notes and some notes by Mr C. W. Scott. 

(1) The photographs were taken in the dry season — January to March. 
The temperature in these months gradually increases until April or May and 
the haziness of the atmosphere increases accordingly. The rice is harvested 
about November to December and a month or so later it is customary to 
burn off the stubble giving rise to smoke clouds. Photographs taken early in 
the open season when there is little haze are best for all purposes. 

(2) In the interests of topographical details such as very narrow creeks, 
Major Lewis of the Survey of India stipulated that the photographs supplied 
to him for mapping should be without long shadows, i.e. should be taken 
between 10 a.m. and 3 p.m., more or less. Some of the best photographs from 
the point of view of vegetation survey (see Pis. VIII and IX) are photographs 
taken after 3 p.m. with long shadows which show up well the contrast between 
high forest and scrub. Where the forest comes right to the edge of water or 
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fringes a grassy blank tlie actual height of the trees could easily be eahiilated. 
Moreover in photographs taken in the late afternoon the edges of tfie various 
vegetation types become much clearer and individual trees of large size can lie 
picked out by the light on their western sides and the sliachnvs on their 
eastern sides. In other words photographs taken when the sun is hnv an* best 
for vegetation survey or stock mapping purposes, but worst for oluaiiniiig 
topographical features. 

(3) The different shades of green, visible to the naked eyt* when flying, 
do not show up as prominently in the photographs as might havt* !i(*en 
pected, thereby emphavsising the value of aerial observation combined with 
photography. Alternately, comparison of the photographs with tlie ground 
as seen from the air is a great help to their interpretation. 

(4) Accurate interpretation of the photographs requires a coiisicitTable 
preliminary comparison of some selected photograph or photographs witli the 
corresponding areas on the ground. 

(5) During the survey experiments were made witli phot^ographs taken 
from different heights. Pis. V^III and XII show the actual size of the photographs 
on the scale finally used for the survey (3*3 ins. to oiu* mile) and taken at 
10,000 ft. from the ground. At first sight it would afipear that numerous 
advantages would accrue from photographs. taken at lower elevati,oi.i8, say 
5000 ft. Actually it was found that photogra])hs taken at 50011 ft,, aibleil very 
little indeed to the details observable on a photograph takim at lUjHM) ft. 
and enlarged to a comparable scale. PI. IX is a photograph taken at H),UOO 
ft. and on the scale of 3-3 ins. to the mile enlargtal twice lintuir, giving a scale 
of 6*6 ins. to the mile. It overlaps the area shown in PI, VIII and t lie ad vant^ages 
of enlargement m,ay be studied. ' Photography at lower elevation rei|uireH, of 
course, a much larger number of negatives., and is consec|uent!y much rnorti 
expensive. 8000 to 10,000 ft. is probably the best height from wliich t-o tuke 
photographs, taking all considerations into account, including the cost. 

(6) Observation from the air of .leafless forests is of no value, and similarly 
photographs of deciduous forests taken when the trees ari^ leafless are prac- 
tically useless for the construction of a vegetation map. The leafless branches 
give rise to greyish areas in the photographs (see PI. XII, fig. 2) indistinguish- 
able from sandy or grassy blanks. The use of the stereoscope may enable one 
to distinguish the mass of leafless branches floating like a mist almve tlie 
obscured undergrowth but that is all 

(7) A series of oblique photographs taken from luughts of 15oo to 3oiiii ft. 
would have proved of great,. assistance in the interpretation of the vcgt*tatiori 
and the construction of a map. Tliis is clearly shown by PI XL where tlie 
relative height of the vegetation stands out with great clearness. 

(8) The aerial survey of the Delta Forests was very greatly liHsisted by 
the gregariousness of the species, but interpretation becomt»s ditlicuilt as socm 
as the species are mixed. It is doubtful whether tlie aerial photographic 
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method of stock mapping is applicable to mixed forests so typical of this and 
other countries. It might, however, be applied to mixed forests in which there 
are conspicuous consociations of certain well-marked species — such as the 
consociations of Dipterocafpiis f/uberculatus in the Indaing or D ry Dipterocarp 
Forests of Burma (Type L 9~L 10 of Stamp, Vegetation of Burma). In mixed 
forests there may also be certain species with characteristic /eatures. Thus 
teak [Tectona grandis) when in flower should’ stand out clearly. Other trees 
are conspicuous by reason of the characteristic shapes of their crowns, or by 
reason of their greater height. Such trees, however, would tend to be over- 
emphasivsed in photographs of mixed forest and might create false impressions 
of the forest as a whole. This point is apparent to some extent from PI VIII, 
where one of the most conspicuous types of vegetation is the forest with large 
isolated trees of Sonneratia apetala. Yet on the ground, after his detailed 
study, Mr Moodie did not even note that some forests of Heritiera fomes 
might have a few large Sonneratia. Conspicuous as it is in the photographs 
the point is, in reality, relatively unimportant. 

(9) An important practical difficulty in the aerial reconnaissance and 
survey of large areas of unknown forest land — such as covers enormous areas 
in Burma — is the absence of suitable landing places. In the Delta survey 
hydroplanes were used and an extension of their use to Upper Burma is made 
possible by the existence of broad rivers such as the Chindwin and Irrawaddy. 
There is then, how^ever, a limit of some 40 or 50 miles from the river to which 
work may be carried with even a minimum of safety. On the other hand, if 
aeroplanes were used the nature of the country — forest, scrub or rice fields — 
is such that landing places probably do not exist. 

(10) In such cases, however, observation from the air might prove a 
valuable means of preliminary inspection. In a country like Burma, where 
large areas are virtually unexplored so far as their timber resources are con- 
cerned, a few hours’ flight might prove of great value. 

(11) The difficulties of aerial survey in forested hilly regions have been 
discussed here in view of the likelihood of aerial survey in other parts of the 
world where it is probable that a vegetation survey might be extremely 
difficult. In the flat Delta forest, as Pis. VII, VIII, IX and X show, much of the 
information is gained from light and shade efiects, the sole factor to be con- 
sidered being the size and shape of the trees themselves and the thickness of 
the growth. In hilly regions, however, the major light and shade effects are 
the result of inequalities in the ground. 

(12) One of the great drawbacks to an aerial vegetation survey, in forested 
regions, is the lack of information concerning undergrowth. In high forest a 
lower storey may be separable but at best the nature of the undergrowth 
must remain largely a matter of guesswork. 

(13) The Delta Survey has brought out the advantages of glssoy over 
matt paper. The glossy paper helps to show up detail in poor photographs 
like that shown on PI XII, fig. 1. 
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(14) The use of the stereoscope holds out ccmmihnihlv possihilities. It. 
can best be applied to the areas of overlap of two atljaceni photo^nipfis, Inif 
it is not without results when used with two prints of the same piKitografili. 
The main use of the stereoscope is to bring out dilTerenees in !n‘iglit. of the 
trees which are not visible on a photograph to the naked ey<? or with tm 
ordinary lens. The differences in height as seen with a stiTeosei>|H‘ are c*oiii- 
parative only as the apparent difference increases with tlie distaiicti fhiwn 
between the exposures of the two photographs giving the overlap. Seatt(‘re<I 
high forest over or among lower growth comes out very clearly as, for exaniplf*, 
in the areas that have been heavily worked. A stereoscopic inspection is nho 
useful for distinguishing the main crop from a subsidiary understorey, lliiis 
an area which appears to be covered with a fairly dense even fon\st may he 
discovered to be a moderately open high forest over an understorey. This will 
enable forests to be allotted to quality classes. The application of the stereo- 
scope to the separation of leafless deciduous forest from grassy blanks or low^ 
undergrowth has been noted above. Another possible use of the stcnvoscHipe 
is the counting of trees on an area as the individual trees stand up niueli more 
clearly from the undergrowth. 

VIL Explanation of the Plates. 

PL VII. A typical photograph of the Delta Forest.s, tndaigf^d Kf i irties i lie 
original negative, giving a scale of 5-7 ins. to one mile, liocality neiir thf^ 
main Irrawaddy distributary, about 12 -13 miles from the sea, Kadonkani 
Forest Reserve. Time of exposure: early afternoon, giving small sliadows on 
the eastern sides of the trees. Points to be noted : ( 1 ) the narrenv creeks whicdi 
would be obscured were the shadows longer, (2) the* cMmspicaious large* trees 
of Sonneratia apetala with light green foliage in forest of Heriihra (on 

the west), (3) the interior patches of scrub or byaik wit h '' blisters*' (see p. 272) 
above the level iov Heritiera, (4) the even Heriiiem fon*st in the* iiorth-caist. 
This plate is reproduced from PI. I of the Vegelation of Birr ma (University of 
Rangoon Research Monograph No, 1, 1924). 

PL VIII, Reproduction of photograph of the actual size and scaJe used in 
the survey, viz. 3*3 ins. to one mile. Locality: near the main Irrawaddy 
distributary, about 12 miles from the sea, Kadonkani Forest Reserve, a short 
distance to the south of PL VIL, Time of exposure: late afternoon, giving long 
shadows. Points to be noted: (1) theadvantage of long slmdows in slnnving up 
the relative height of the vegetation (2) the mode* of occurrc'nce of tin* true 
mangrove forests and allied types fringing the banks ni creeks. For furilier 
explanation see Key. 

PL IX. The area immediately to the south of that shown in .PL VllL fig. L 
There is an overlap of al)out 40 per cent, and this photograph illiistrates Urn 
effect of enlarging the originals to twice the scale, giving a scab* of frCI ins. to 
the mile. A careful comparison of the two photographs should lie made ht 

IH-- 





I IV 3TAjq 






la .■‘i“ * * i^t«v,v „, 

ti %-*|ut!M'a*tjig ■KaJ!ii;:o f.ftwl iu#rmt^U.,j 

b'ffipWriWg^ to H A al (»3 rfiB.IS 

. j,e ^«tg..,k hw a** 
aiMi thiH phot^grapli ^iojd bt*^ 

as ^^l^rViternKJ^TliiH 

tap" hi« 


ijii t iisr'iic^ 

■Hi/ia ISoHitcnu 
I'litclif^of hyl 
t-lwraJ (\ 


^ '«feoW»?i tAk* 

I>^atra^, wijftoift Vajl}^®! Qplia>K beiri? 

!| * tff^adjy»ct in 

_ }^&i\fn of ]^rM> J^J ' 

t| ^s/Sssazeirfe 
. ^m/-i- k^ocamjw/Xel^^SRessia/ ift 

f 0 r^n Ip foMs^ OiiJoifltekEitjs (S^uch ai 

imm Pk^ 

^ ■ ■', _ -C^ •■ , '*V^k'-' 

2l i^trati^^ sgjnVof the veget^?; 




JOURNAL OF ECOLOGY 









JOURNAL OF ECOLOGY 


VoL. XIII, Plate VIII 


STAMP— Aerial Survey of Irrawaddy Delta 







JOURNAL OF ECOLOGY Vol. XIII, Plate IX 


Part of Kadonkani Ri.“5t!rvL‘. 

STAMP— Aerial Survey of Irrawaduy Delia 


liiiSiSftiiliSS® 









mm^m 

^Ms^Ww^' 

m^m.: - 


STAMP— Aerial Survey of Irrawaddy Delta 






JOURNAL OF ECOLOGY 





: '"'! i t f®v. 

' .' >rJ 

N ■^Yt '*l?i 




l^i.M 




VoL. XIII, Plate XI 


STAMP — Aerial Survey of Irrawaddy Delta 












THE TECHNIQUE OF RESEARCH ON 
MARINE PHYTOPLANKTON 

By BLODWEN LLOYD. 

(With three Figures in the Text.) 

CONTENTS. , 

PAOE ' 


Collecting. . . .... . ^77 

Fixing and Preserving . , . . . 281 

Micro teohniq^ue . . . . . . \ 282 

Examination and Estimation . . . . 284 

Cultivation . . .... . 286 


Durinc the period from October, 1922, to March, 1924, a preliminary in™ 
vestigation of the phytoplankton of Cardigan Bay was nndertakenh A study 
of the plankton flora, as indeed of nearly all minute living forms, necessitates 
special methods of capture and preservation. In this paper the technique 
adopted will be considered. 

Historical. The “ Challenger ” Expedition of 1872 gave great impetus to 
the development of a definite science of oceanography; this and Huhsc<|uent 
expeditions resulted in an increased realisation that the minute freedloating 
plant forms were highly significant in the general economy of tlie sea. Tlie 
term ‘‘plankton” was first applied to such “wandering” forms by Henseii in 
1887, From his time onwards, greater attention was paid to more accurate 
methods of capture and estimation, and by the end of the last century, there 
had arisen a distinctive school of plankton workers,* the Kiel planktonologists. 
Since that time these and other workers have elaborated many and varied 
devices for the capture of plankton under known or calculable comlitions, and 
for the subsequent accurate estimation of the catch. 

1 . Collecting. 

Within the last fifty years a variety of methods of plankton (‘cdlecting 
have been devised, each with its strong advocates. With regard to tlu^ present 
status of these methods, W. E. Allen ( 1 ) holds that “there is little hope of 
innovation... the best prospects seem to lie in the development and con- 
tinuance of methods, activities and plans already known and tried.” 

{a) The horizontal tow-net. For accxirate intensive work, many elalKxrattu 
types of tow-nets have been evolved, but the open conical tow net used for 
“Challenger” towings has yet maintained a place. Its usefiilnesH for gemu-al 
1 The results were published in IW» JouaHAL, 13 , 1025 , pp. » 2 - 420 . 
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plankton collecting is clue largely to the comparative ease with wkicli it is 
manipulated. 

I am indebted to Miss M. Knight, D.Sc., Liverpool, and to Dr J. Johnstone, 
Liverpool, for much helpful advice as to the making of tow-nets and a.s to 
general methods. The nets used were constructed after the tusual pattern, of 
bolting silk {Miillergaze) No. 20, with a pentagonal me,sh of 172 to the linear 
inch. Although, able to withstand a greater strain than silk of ordinary weave, 
the threads of the bolting silk became swollen and distorted with constant 
use, so that the filtration capacity of the me.sh decreased considerably after a 
time (Fig. 1). 



Fig. 1. Bolting silk (Miillergaze) No. 20. (a) New; (6) after six months’ use. x 60. 

A conical bag of the silk was attached by a strengthening headpiece of 
strong fustian to a copper ring. Three headropes of mackerel line attached 
the net to a rope of sufficient length to keep clear of the wake of the boat 
when in motion. The two small nets used for comparative purposes were 
25 cm. in diameter at the mouthpiece, with a total length of 68 cm. ; two other 
and larger nets had a diameter of 30 cm. at the mouthpiece, and were 100 cm. 
in length. The conditions of usage are considered below. 

(b) The PlanJctonrohre was found useful on certain occasions. Apstein’s 
model was used, a hollow brass cylinder 25 cm. long by 3*5 in. diameter, fitted 
at the forward end with a mouthpiece in the form of a truncated cone 1 cm. 
in diameter, and at the other with a detachable filtering disc of bolting silk. 
The narrow mouthpiece prevents excessive inflow of water. After towing the 
tube through the water, it could be hauled on board, the silk unfastened, and 
the captured organisms washed out of it. The outstanding advantage of this 
apparatus is that it can be worked at a greater speed, for example, from fast 
motor-boats going at a speed which would tear the silk of the tow-net; its 
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principal disadvantage lay in tlie relatively small amount of water filtered, 
with a corresponding diminution in the volume of the catch thus obtained. 

It was suggested to me^ that the modifying of Apstein’s type, namely, by 
inverting the mouthpiece, would result in an increased entry of water without 
a disproportionately greater strain on the silk at the rear (Fig. 2). By this 
means a somewhat larger catch was obtainable, while the increased pressure 
caused by the greater inflow of water did not visibly damage the micro- 
organisms more than in the first case. But even here the quantities obtained 
were always extremely small, a 20-minutes’ towing during the March phase 
of increasing phytoplankton giving only 0-1 c.c. wet volume. 




Fig. 2. Planktonrolire: (a) Apstein’s type, with everted mouthpiece; 
(6) with inverted mouthpiece, x J. 


Another modification found to he useful at times was the interspersion of 
coarser filtering meshes at the forward end of the tube ; the catch could thus 
be sorted roughly into sizes as made. For instance, a disc of coarse muslin 
just below the mouthpiece retained the larger zooplankton— copepods, and 
a variety of larval stages, while at the posterior end were found the diatoms, 
peridinians and small protozoa. This device was found to he parti(‘ularly 
useful when there was a “mixed” catch of phytoplankton and zooplankton. 

(c) For the study of those very small forms which constitute the nanno- 
plankton, the centrifuge was used in the summer months; by this method the 
micro-organisms missed by even the fine-meshed net could he sedimented. 
From the spring of 1923 onwards, when tow-nettings were made., surface 
water-samples were usually taken and centrifuged on landing. 

Two types of centrifuge were employed, a two-speed hand model working 

1 For thia, and many other helpful auggestions, I am indchted to my father, Mr W. Lloyd, of 
Aberdare. 
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at about 1600 revolutions per minute, on tbe fast gear, when fully loaded, 
also a water-turbine model working at a slower rate. Both carried four tubes; 
for general purposes, the ordinary conical glass tube of 15 c.c. capacity was 
used, but where the quantity of plankton was very small, tubes after Lohinann’s 
pattern, with a prolonged narrow apex, and a capacity of 10 c.c., were em- 
ployed. Following the method described by Dr Lebour (9), for counting 
work, the water is centrifuged, and the supernatant liquid |)()iired off and 
recentrifuged; finally the total sediments are pipetted on to a cavity slide for 
estimation. In this way the contents of 60 c.c. of sea-water could be collected 
into about 0*1 c.c. for examination and counting. The work done with regard 
to the centrifuging of nannoplankton was more in the nature of obtaining 
supplementary records to those of the tow-net catches, rather tlian a systematic 
study of these small forms. 

{d) Filtering methods. The method advocated by W. E. Allen (1) of 
filtering a known volume of water by means of a very small net was applied 
more particularly to a study of the littoral waters and rock pools, wdiere the 
large tow-net was naturally of little use. A net of the same pattern as the 
horizontal tow-net but wdth a diameter of 8*5 cm. and a length of 12*0 cm., 
was used. For the shore flora this was found to yield very interesting results. 


Methods of Tow-netting. 

The large horizontal tow-nets were found to be the most convenient for 
general purposes. They have been strongly denounced as inadequate, especially 
for comparative statistical work: “Evidently then tow-net catches give no 
trustworthy indication of the relative amounts of phytoplankton in two 
different locations ox in the same location at two different times, although 
they may have a high suggestive value” (Ic.). Nevertheless, in that they 
filter a much larger volume than can be conveniently handled by other methods, 
the possible range of error is less significant. For this reason therefore, not- 
withstanding its acknowledged disadvantages, the tow- net was used very 
largely in the course of the work done, and supplemented wdiere desirable by 
other methods. 

For regular sampling, the nets were towed along a given course for 15 
minutes from a small rowing boat. The nature of the course varied somewhat 
with state of the tide and wind, but whenever practicable, the catch "was 
made 1-| to 2 miles from shore. It was originally intended to make bi-weekly 
tow-nettings, but this was found to be impracticable. During 1923 the 
weather was particularly unfavourable; the report of the Superintendent of 
the Lancashire Sea Fisheries Board stated that such wild and unfavourable 
conditions for trawlers had not been experienced in the past 19 years. Even 
in the month of July it was found possible to make tow- nettings on two 
' dates' :only. 
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The catch once made, the next step was to turn it out of the net with as 
little loss of contained organisms as possible. The flow of water throiigh the 
net tended to carry most of the captured organisms to the apex, but some, 
especially the more spiny forms, became entangled in the upper meslies of the 
filtering area. On larger boats where the net can be hauled vertically from 
the sea, the captured organisms can be impelled downwards by the impact 
of water from a bucket or a hose, on to the outside of the net. From the small 
boat it was endeavoured to achieve the same purpose by raising the mouth- 
piece above water-level, and allowing the net to trail while the boat was still 
in motion; those forms entangled in the sides of the net thus tended to be 
^ washed down to the apex. 

It should be noted that even here where a catch is made under known 
conditions of tide, speed of boat, filtration capacity of net, etc., it is debatable 
as to how far the haul is representative of the actual plankton in tlie sea at 
the time. Were the plankton widely distributed in a uniform manner, the 
catch might be considered as typical within a reasonable margin of error. 
However, the bulk of the evidence gathered by planktonologists seems to 
favour the view that the component associations of the ])lankton exist in 
shoals or ‘"streaks,” called ‘"zoorema” by Haeckel^; but it is a moot point as 
to whether these postulated streaks exist as a definite ecological \mit, as in 
the case of migratory fishes, or as a simple fortuitous grouping resultant upon 
the movements of ocean currents. 

2. Fixing and Preserving. 

When living material was required the catch was turned out into plenty 
of sea- water for transit ashore; these conditions were widely different naturally 
from the normal surroundings of the organism, and the effect of such close 
confinement was found to vary both with the species and with the particular 
catch made. Whereas some forms, for example the diatom (Joseinodm’m 
radiatus, lived and even multiplied when kept in a jar in the laboratory for 
some 6 to 10 days, the peridinian Ceratium was only occasionally brouglit to 
land in a normal condition. A notable exception was the catch of Fel)ruary 
12th, 1923, made in a heavy shower of rain with a higli sea running. Verailnm 
fusus was abundant in this haul, and on landing, the rich brown fusiform 
cells were observed to be in vigorous motion. The extreme seiisitiveness of 
this genus to unfavourable conditions manifested itself in a somewlnit r(!mark- 
able reaction. Whereas in changed cireumstances the diatoms became vacuo- 
lated, with ultimate collapse of the cell-contents, the plasma of the Ceratia 
was often observed to' have exuded through the ventral plate, and frequcmtly 
remained as a brown sphere attached to the empty theca. This curious circum- 
stance will be considered later. 

This variability on the part of the organisms coinpriHing the catch made 
. HaecRel. FlankimstwUm, Jeaa, 1890. 
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it advisable that the haul should be fixed while on board, except where the 
living forms were specially desired. For this a 5 per cent, solution of com- 
mercial formalin in sea-water was largely used. Its especial merit lay in its 
swift hardening action, while at the same time it preserved the coloured 
elements in the plasma and gave no inconvenient precipitates with the sea- 
water. Its acid reaction, due to the formation of formic acid in the solution 
in the presence of light, causes it to dissolve the tests of such calcareous 
micro-organisms as the Coccolithophoridae. These, however, are not of fre- 
quent occurrence in offshore waters. If necessary, the solution can be neu- 
tralised with magnesium carbonate, and then stored in a stock bottle of dark 
glass. Almost all the ‘'regular” catches were fixed with formalin; 90 per cent, 
alcohol was used occasionally. The precipitate it gave with the sea-water 
could be removed by decanting the latter and replacing with distilled water. 
Formalin-spirit (95 c.c. of 70 per cent, alcohol; 5 c.c. of commercial formalin) 
was also used. 

For detailed work, special fixing agents were taken on board. In using 
Flemming’s strong solution, Gran’s method was adopted : a small portion of 
the catch was washed into sea-water, and Flemming’s solution added in the 
proportion of 1 : 25. Other fixing agents used were 1 per cent, chrom-acetic 
in sea-water, and Bonin’s fixing fluid (picric acid 75 parts, commercial formalin 
25, glacial acetic 5). 

3. Michotechnique. 

The beauty and symmetry of the siliceous tests of diatoms are largely 
responsible for their popularity in microscopy. Most plankton diatoms are 
only feebly silicified, and are therefore not suited for preparations necessitating 
treatment with strong acids; moreover, when it was required to stain the 
cell-contents, it was found difficult to establish an order of treatment that 
would serve all species equally well. 

Mounting diatom frustules. Where only the empty exoskeleton was re- 
quired, there was naturally no necessity for preliminary fixing. In the case 
of the more feebly silicified forms, clearing with potassium hydrate or eau-de- 
Javelle dissolved the cell-contents, though the time taken varied from a few 
hours to a few days. 

For the very siliceous forms, chiefly littoral species, the special method 
described by Van Heurck (12) was found to give good results. The organic 
contents were first removed by digesting in cold hydrochloric acid, followed 
if necessary by boiling in concentrated nitric acid. The diatoms were then 
washed thoroughly with distilled water; at this stage they could be decanted 
off from any foreign quartz particles present. 

Dehydration prior to mounting was accomplished by passing up through 
the alcohol series: 

10.. .20. ..30 90. ..95 per cent.... absolute. 
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This work was carried on in small embedding bottles with a cubic capacity of 
5 c.c. ; about 10 minutes for each grade, with longer periods in 95 per cent, 
and absolute alcohol, sufficed. 

It was found impracticable to dehydrate by drying in air, owing to the 
fact that some forms were so bulky that the imbibing solution used prior to 
the mountant often entered the diatom so quickly as to enclose an air bubble. 

Mounting from xylol into Canada balsam gave only a poor resolution of 
fine detail in the cell-walls, owing to the very similar refractive indices of the 
balsam and the siliceous walls. For better resolution of the striae and alveoles 
in the cell-wall, the special method of mounting in stymx described by Van 
Heurck (12) was adopted. Styrax has a considerably higher refractive index 
than Canada balsam, and, being of a similar resinous nature, is equally 
permanent. A thick solution in benzol was employed. 

A drop of the diatomiferous absolute alcohol is placed on the cover-glass, 
or on the slide directly; a drop of benzol is first added, and followed by a drop 
of the mounting medium. The preparation is usually found to become milky 
white at this stage (Van Heurck states that this does not occur with the 
styrax dissolved in chloroform). The slide is then placed under a bell-jar for 
1 to 2 days, during which time the milky appearance vanishes. A cover-glass 
or slide, as the case requires, is then passed through the flame of a spirit lamp, 
and mounted over the preparation, which hardens very soon, and requires 
no sealing. 

Many diatoms of the littoral epiflora can be treated as described above, 
but the genera Grcmmatofliom, Am f horn and Cocconeis were found to be 
only slightly silicified and therefore unsuitable for such treatment. 

Plasma staining. The prime diiSiculty in the technique of staining phyto- 
plankton forms is that of carrying these small unicellular forms through all 
the processes without loss or injury. 

The prolonged washing necessary after some fixing agents, especially those 
containing chromic acid, was accomplished by placing the diatoms in a small 
bottle 38 mm. high, and by securing with a rubber band a small disc of bolting 
silk over the mouth; a jet of water could then with safety be allowed to play 
on the silk for as long as was needed. Staining, and all the processes up to 
the last stage before mounting were carried on in tubes— centrifuge tubes 
were found to be extremely satisfactory, for where treatment for a short 
space of time was necessary, the organisms could be centrifuged immediately 
and the reagent decanted. 

The difficulty in staining was that in a mixed collection, as most plankton 
catches were, there was naturally great variation in the degree of staining; 
in fact, it was found impossible to obtain a uniform depth of stain in the 
same preparation. A double stain with safranin as selective stain and orange 
6 as a plasma stain was found to react with moderate l)rilliance; the former 
was allowed to act for 3 days, and the latter for 8 hours. It was found im~ 
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possible to get Flemming’s triple combination to act, owing to tlie difficulty 
of retaining tbe gentian violet. This was probably due to the purely mechanical 
difficulty of minimising the time taken over changing the absolute alcohol 
and the xylol in the centrifuge tubes, a space of time longer than is required 
for the same process on a slide. The method described by Zimmermann^, of 
increasing the brilliance of aniline dyes by mordanting with formaldehyde, 
was employed. 

As in the case of the gentian violet, a similar difficulty was experienced with 
Haidenhain’s iron-alum haematoxylin; here there was the difficulty of de- 
staining to the right degree. The following schedule was found to be satis- 
factory : 

Iron- alum, 1|- hours, 

Wash with water, 5 minutes, 

I per cent, haematoxylin, 12 hours, 

Wash with water, 5 minutes, 

Iron-alum, 10 to 15 minutes, 

Wash, 1 hour. 

Lest the dye-extraction in the last stage should go too far, a control slide was 
watched under the microscope while the mordant was acting on the bulk of 
the material in the centrifuge tube. 

For simultaneous fixing and staining acetic carmine was found to be useful, 
particularly with some species which did not react well with other fixing 
agents. The curious diatom Streptotheca thammsis was found to be fixed with 
little shrinkage when treated for 6 to 12 hours with acetic carmine. After 
staining, mounts were made in Canada balsam or glycerine jelly. 

Sectioning, An attempt was made to study nuclear division in the larger 
diatom forms, but, mounted whole, they were so bulky as to render examina- 
tion with the oil-immersion lens a matter of some difficulty. These were 
therefore embedded for cutting, by embedding in paraffin wax. Hand sections 
of the paraffin blocks, with the contained diatoms, gave a rough sectioning 
which enabled the nucleus to be seen more clearly. Serial sections were also 
cut with the microtome, but the masses of diatoms tended to make the ribbon 
brittle; further, even with the use of a specially hardened microtome knife, 
the splintering of the walls of the frustules tended to tear away from, and 
thus distort the cell-contents. 

4. Examination AND Estimation. 

(a) Volumetric, When the plankton catch was brought into the laboratory, 
it was first subjected to preliminary observation of its general characteristics, 
the predominant organisms, and other striking features. The material was 
then placed in tall tubes 10 mm. in diameter, and allowed to sediment, the 
time taken varying with the nature of the catch. A surface catch consisting 
^ Zimmermann. Botanical Microtechnique, 1896, 
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mainly of the diatom takes several days for complete sediimmta- 

tion, while on the other hand a haul of copepods will settle in about 50 
minutes. In cases such as the former, the organisms were first coIiecttMl by 
centrifuging, and then poured into the narrow tubes for estimation. The 
catch was allowed to settle till the liquid was perfectly clear, and the level 
reached by the organisms noted by a mark on the tube. The plankton was then 
removed, and the volume it had occupied was replaced with a measured 
volume of water. 

This volumetric method, while in itself no conclusive guide to variation 
in the plankton, gives results of great interest when correlated with other 
methods of estimation. 

(b) Biometric. The catch was shaken up into 50 c.c. of water, and while 
the organisms -were still suspended, a small quantity, usually 0-2 c.c., was 
withdrawn by means of a fine pipette on to a cavity slide. The freqiumcy or 
rarity of the species present w^as then determined; the (ujiitents were noted 
for that portion of the catch on the slide, and were taken as being r(q).re- 
sentative within certain limits of the total catch. A table was then constructed 
for the plankton flora according to the following frequency-scale: 

cc. Very common, 
c. Common, 

f. Frequent, 

r. Bare, 

rr. Very rare. 

It was held that the method of estimation by counting entailed a degree of 
accurate work not compatible with the wide range of unknown coiulitions, 
such as rate of hauling, under which the horizontal haul was made, and it 
was therefore not employed for general work. ‘‘Some observers count i c.c. 
at a certain dilution. Not only does this method introduce the error of 
excessive fatigue into the work, but it also uses an amount of time wliich 
prohibits the examination of any large number of samples. Its questionable 
gain in accuracy it not at all commensurate with its drain oji time and 

energy’’ (!)• 

Dakin, on the other hand, holds that “quite false results are obtaiiu'd l>y 
the method of estimation without coxmting” ( 5 ). In support of this he cites 
a pair of plankton catches, where an organism A might be numerically the 
same in both cases, but where in the second case, the predominance of amithc*r 
form jB might overshadow it; on a basis of frequency-estimation A might be 
recorded in the first catch as cc. and in the second as + or eveii r. it is true 
that the statistical method gives absolute data, and that the frerfucneydable^ 
gives only relative values, and, furthermore brings in the personal element as 
another possible source of error. Now in both the above~c|uot<‘d <*ases statistical 
records for the species A would be the same; but, other things lahig iupm!, 
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the salient feature to a plankton consumer in search of its food, is, not the 
equal abundance of A on both occasions, but rather the greater abundance 
of the species B at the time of the second catch. It would seem therefore 
that the comparative method of estimation conveys a better conception of 
the phytoplankton as ocean ‘"pasturage” than do figures alone. At all events, 
as in the case of terrestrial plant ecology, the present-day balance of opinion 
seems to incline away from the accurate counting methods introduced by the 
Kiel school of planktonologists. 

5. Cultivation. 

It was thought that if phytoplankton organisms could be induced to grow 
in the laboratory, such a supply of living material would be useful for cyto- 
logical work. Accordingly, though time would not permit of extensive cultural 
experiments, some attempt was made to obtain mixed growths. Allen and 
Nelson’s method (2) was adopted. 

A litre of ordinary sea-water was sterilised by heating almost to boiling 
point for 20 minutes; 2 c.c. of Allen’s nutrient solution A and 1 c.c. of solution 
B were added, and the whole shaken up. The resulting precipitate was removed 
and the mixture inoculated with a drop of sea- water containing living plankton. 
The whole was then distributed into petri dishes and small conical flasks. The 
first series was planted on January 23rd, 1923, but met with little success. 
Within three weeks all the plankton forms had died off, and there was no 
evidence that multiplication had taken place. Series similar to the above 
were started on April 4th, February 10th and May 23rd, but met with the 
same fate. There was, however, a vigorous bottom growth of small benthic 
diatoms chiefly, with often a green confervoid growth on the sides of the 
vessel. 

It was thought that possibly the materials used for the nutrient solutions 
were not chemically pure. Accordingly, on June 1st some natural untreated 
sea- water was inoculated with living plankton. Most of the forms, the zoo- 
plankton especially, died off soon. A week later it was observed that Chaet- 
ocems spp., Ditylium hrightwelli, Cosdnodiscus radiatus and BiddulpJiia 
mobiliemis were quite healthy and dividing vigorously. But the Ditylium 
first began to look unhealthy, forming highly refractive fatty globules ter- 
minally; within another 18 days all the plankton forms were dead. Finally, 
it was found that by inoculating a 2-litre flask of ordinary sea- water with a 
small quantity of living plankton, the same could be kept alive for a space of 
time varying from a few days to a month. 

Although the keeping of plankton alive in the laboratory was a matter of 
uncertainty, some interesting light was thrown on the succession of protista 
under cultural conditions. Allen notes the extreme diffi.culty of keeping a 
plankton culture pure; in the experiments cited above, no especial care, 
beyond the preliminary sterilisation oi the sea- water, was taken to exclude 
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extraneous living forms. It was noted that these intruders seemed to follow 
in a definite order in point of time: 

Plankton forms. 

Saprophytic protista. 

Benthic forms. 

Of the plankton forms, those that persisted the greatest length of time 
were Skeletonema and Asterionella. The latter became iiinisually pale in colour, 
and tended to divide to form a straight rather than the normal star-shaped 
filament. Skeletonema too became much deformed and indeed scarcely recog- 
nisable. The chromatophores degenerate, the frustules acquire a blue tinge 
and become curiously contorted and often abnormally lengthened or shortened; 
the nuclei fragment, the spines break up, and finally we have the strangest 
extreme forms (Pig. 3 c). 



The ubiquitous Nitzschia dosterium throve exceedingly well, and survivetl 
all other forms by many months. The short non-motile form was tlie first to 
appear, followed later by the more robust motile form. Both forms were 
distinctive, and no intermediate stages were observed. Dr ]./(d>our (9) stutcs 
that the latter is a developmental stage of the former. It may tlnuefore !h‘ 
suggested here that N, dosterium, lik^ some animal forms, spends its early 
days in the non-motile plankton-phase, but at a later date in its life-history 
assumes a motile benthic habit (Fig. 3 a and b). Certain data from the 
catches seem to support this. 

As the plankton diatoms died off in the culture dislH^s, there* arose a swarm 
of small saprophytic forms, for the most part of simple structure. These 
.clustered round the empty, frustules of diatoms., and were particularly abundant 
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in tte vicinity of dead copepods. Peridinium spp. were occasionally found 
alive under such, conditions. Small protozoan forms developed in great 
numbers, wbile of tbe protopbyta Oxyrrlis marina and various Cryptomonad 
forms were most abundant. 

These forms, with the exception of N, dosterium, usually died off in 8 or 9 
weeks at most, apparently for lack of suitable nourishment. Following close 
upon them we have the third phase, that of the benthic autotrophic diatoms, 
chiefly N, dosterium, Schizonema Grevillei, Pleurosigma spp. and Naviculae 
minutissimae. These persisted for weeks or even two or three months, but the 
conditions that made for their success, as compared with the difficulty of 
keeping plankton forms alive, were not fully investigated. 
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TWO RELICT UPLAND OAK WOODS IN CUMBERLAND 

By W. LEA(]H, M.Sc. 

The University, Birmingham. 

{With Plates XIII and XIY and three Figures in the Text.) 
Introduction. 

Examples of woodlaiid wMch. one may reasonably consider to be primitive 
are undoubtedly of rare occurrence in this country (6) ; consequently, sucli 
examples, when encountered, are of particular interest to the ecologist. 

The two small oak woods which are here described, although tliey Itave 
certainly not, in the course of their history, been entirely free from human 
interference, can probably lay claim to be as nearly virgin in nature as any 
others in Great Britain. These woods, which are shown in Fig. 1, are locally 



Fig. 1. View looking across the Newlands Valley, showing the Keskadale Oaks on tlie fu 

the left, and the Birkrigg Oaks on the right. (Drawing made frtmi a photograph.) 


known as the Birkrigg Oaks and the Keskadale Oaks. They are respectively 
situated on the southern slopes of Causey Pike, and Ard Crags, twf^ paraJlei 
and adjacent mountain ridges lying between Derwentwater and Criininuiek 
Water in Cumberland, some five miles to the south-west of Keswick. 

The above drawing of the two woods was made from a phutugraph takeu 
from a point on the opposite side of the Newlands Valley and approximately 

Joiirn. of Ecology XIII « 
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two miles clue west of tlie Keskadale Oaks (seen on the hillside to the left). 
The Birkrigg Oaks, seen on the right of the drawing, are about three-quarters 
of a mile to the south-west of the Keskadale Oaks. 

As will be gathered from an examination of Fig. 1, both woods 
occupy very similar positions as regards slope of ground and aspect. 
They are both, as far as it has been possible to ascertain, practically pure 
associations of Quereus sessiliflora Q. rohur having been observed), and 
they both lie between the 1000 ft. and 1500 ft. contours, i.e. above the usual 
limit oi Qiiercetum sessilifiorae in this country (8). Both grow on the same 
type of shallow, stony, argillaceous soil which in many places becomes moving 
scree. This soil was found to have in both cases a decidedly acid reaction 
(tests with the B.D.H. ‘‘Universal Indicator” showed a value of approxi- 
mately 5) and is formed by the weathering of the shaly rock of which the 
ridges are composed, and which belongs to the Skiddaw series of the Lower 
Silurian Formation. 

The trees, as one would expect in such a situation, are stunted and their 
growth form is the same in both woods; instead of the usual single trunk, 
each tree has a number of more or less upright “trunks” springing from a 
common stool. This type of growth form has been described for some very 
similar Quercus rohur woods situated on Dartmoor (2) and will be discussed 
more fully later. 

In order to bring out the main points of interest presented by the two 
woods we will now pass on to consider them separately and in greater detail. 

The Biekrigo Oaks. 

This wood is the smaller of the two, being about 400 yds. long and 150 yds, 
across its widest part. Taking into account the slope of the ground, the area, 
according to the 6-inch Ordnance Survey map, is about 8 acres. A near view 
of this wood is shown in PL XIII, Phot. 3, and it can be seen that at its w^estern 
end (to the left of the photograph) it is cut into a number of narrow strips by 
stretches of scree, while to the east the main wood ends abruptly except for 
three or four outlying trees standing some yards away along the slope. About 
two hundred yards to the east of the main association is a further small patch of 
oaks, the trees of which however are more widely spaced than those in the main 
wood; this patch is faintly discernible on the extreme right of PL XIII, Phot. 3. 
The wood is bounded along its upper margin by a narrow belt of open oak 
scrub at an altitude of about 1400 ft. Below, the trees disappear more or 
less abruptly at about 1150 ft. The average slope of the ground on which the 
wood stands is approximately SO'" from the horizontal. 

On entering the wood one is at once struck by the characteristic growth 
form of the trees; this is shown in PL XIII, Phot. 1. They (each with several 
“trunks” springing from a common stool) give one the impression that 
coppicing must have taken place at some time. These “trunks” for the most 
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Photo 2. Base of a small tree in the Birkriu;) 
the upper portion of which has died. Note 
suckers springing up. 
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part vary in girth between about 6 ins. and 18 ins., and the trees, which are 
spaced approximately 6 ft. to 12 ft. apart grow, on an average, to a height of 
some 12 ft. The result is that for the most part a close canopy is formed, 
casting a considerable shade. 

As has already been stated, all the oaks so far examined in the woo<l have 
proved to be Quercus sessiliflora, and mixed with theiii are occasioiia! trees 
of mountain ash {Sorhus aucuparia); a few seedlings of both oak and mountain 
ash have also been observed. hTo acorns have so far been seen, although there 
is no reason to believe that they are not produced. 

The ground flora in the main central portion of the wood forms a decidedly 
open association and in many parts there is a tendency for tlie surface soil to 
become transformed into scree by the washing away of the finer particles. 
In such situations, the foot-hold maintained by the plants is of a precarious 
nature, and signs of the struggle, in which they are involved, with the ])liysio- 
graphic factors of the habitat, are easily recognisable. 

A general survey of the ground flora of the main wood shows it 
to have in its composition a large percentage of heath forms. The 
general and local composition of the ground flora is obviously closely 
related to the shade cast by the oaks and the increased, humidity of 
the atmosphere brought about by their presence. For itistanctu bryo})hytes 
are abundant, and in the more strongly shaded parts they frequently assume 
local dominance, the most abundant species being Diemnuni seoparium, 
Hypnum' cupressiforme, and H, schreheri, IL enpremforme, var.JUiforme com- 
pletely covers the lower parts of most of the tree trunks, while on the upper 
branches epiphytic cushions of Ulota erispa are abundant everywhere, as also 
are varions lichens. As regards the higher plants in, the ground flora we find 
all stages between an absence of any distinctly dominant sp(Hnt?s, and complete 
dominance of PterifUum. aquilinum, V myriUlu^^ or Calhoia 
Of these, Pieridmnt is most frequently dominant in thc^ open spaces where 
lighting is good, although occasionally its place as dominant is partially or 
wholly taken by Calluna, VaednimYi fnyrtiUus, which is, like Plmdhfm, 
frequent throughout the wood, commonly becomes dominant in the slimle of 
the oaks. 

-The general composition of the ground flora of the wood is as follows: 


Pteridmm aquiliiium 
Calluna vulgaris 
Vaccininm inyrtilliis 
Oxalis acetosclla 
Gialium saxatilu 
Campanil la rotund if ol i a 
Viola riviniana 
Potentilla ereeta 
Veronica serpyllifolia 
var. liiimifusa 


f. (d. in clearings) 

o. (f. to d. in cdearings) 

f. to d. 

o. to f. 

o. to f. 

o. . . ■ ■ 

o. ■ 

o. 

O. ■' 


Tcuerium seorodonia o. 

Ifyjiericnm puk'hrum ^ r. 

Quercus HcsHililiora (Heed linifH) Wih 
BorbuH aucuparia (HC‘(‘«ilmgH) o. 

DescdmmpHtsi tk^xuosa 
Agrostis canina o. to f. 

Anfcht^xantlium odoratum f. 

Festuea ovina o, 

Blechnum Hpicant. o*. 

JUryopteris^^kilis-mas o. 
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Bryophyta ; 


Andreaea petropliiia 
Antitrieliia ciirtipendii la 
Braeliytheeiiini piiriiiii 
Bryiim capillare 
Campto tlie ciii ni sericeii m 
Cainpylopiis soii%?arzii 
Dieraniiiii fusees ecus 
B. majus 
B. scopariiim 
Eiirhyiicliiiim praelongiim 
Hyloeomiuin loreiim 
H. splendeiia 
Hypntim ciipressiforme 

,, var. filiforme 

H. solireberi 
Mmiim horniim 


Plagiotlieciiim silvaticnm 
Piagiotheciiim denticulatuin 
Polj^trichrim forniosum 
P, gracile 
P. jimiperinum 
Kbacomitriii m Iieterostiehiim 
R. lamigiiiostim 
Thiiidinm tamariscinuBi 
Ulota crispa 
Alicularia scalaris 
Biplopliylliim albicans 
Lophocolea bidentata 
Lophozia alpestris 
L. barbata 
L. batclieri 

Marsnpella eniarginata 


Above and below tlie wood are associations of beatli plants, dominated 
by Calluna or Above, Calhma is dominant except over small 

areas, wbere Vaccinmm n%yrtiUm wbicli is everywhere an abundant associate, 
locally assumes dominance. PteriMum is frequent, especially wdiere the soil 
tends to become unstable and to pass into scree. An interesting feature of 
this upper association is the presence of frequent young mountain ash trees. 
These young trees are seldom more than 18 ins. or 2 ft. in height, owing, 
without doubt, to the periodic burning of the Calluna. 

Immediately below the wood, for about the first six yards after leaving 
the tieesp Ptendvuni dominates. Lower do-\Yii, Calluna is dominant and lower 
still, down to the stream, Pferi(lium> again is dominant. 

Along the hillside in an easterly direction from the wood Pteridium is, 
except in the spring flushes, dominant on the lower slopes up to about 1100 ft. 
Above this altitude the Pteridium out, and dominance is assumed by 
Calluna, or shared by Calluna and Erica cinerea. Higher still, between 1250 
and 1500 ft. the soil in many places, owing to the steep slope and rapid 
denudation, becomes unstable and supports open or closed associations either 
of practically pure Vaccinium myrtillus or V, myrtillus mixed with V. vitis- 
idaea with here and there an occasional Pteridium- frond. 

The Causes of the Copficed'^ Appearance of the Trees. 

There is evidence that the apparently coppiced” growth form of the 
trees may have arisen in three ways: 

{!) By artificial coppicing . 

obtained to show that the Birkrigg Oaks have been 
artificially coppiced within recent times, as in the case of the Keskadale Oaks 
;::(see:p.^299),.:: 

(2) By burning. 

In July, 1923, while examining the lower margin of the wood, it was 
observed that the Calluna and Pteridium had been burnt sometime during 
the autumn of 1922. The burning had extended for some distanoe into the 
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wood and had killed the upper parts of the trees. The general appf^araiicc of 
the damage cansed by this fire is shown in PL XIII, Phot. 4, which is a view of 
the wood taken from the bank of the stream, Rigg Beck, immediately below. 
In this photograph the burnt areas show as lighter patches along the lower 
margin of the wood. It was found, on examining these burnt trees, that only 
their upper portions had been killed, and that their imdergroiind stools had 
escaped injury and had produced a growth of vigorous young shoots (see 
PL XIV, Phot. 5). This has been found frequently to occur after firing of the 
heather, in the case of trees growing on Hindhead Common in Surrey (5). 

In July, 1924, the wood was again examined, and further burnt areas 
were noted. One of the narrow belts of trees, cut off by scree from the western 
end of the main wood, was found to have been on fire sometime during the 
previous autumn. Again a similar state of affairs to that described above was 
found. Most of the oaks had been completely killed in their upper parts, 
while from the stools numerous young suckers had sprung up. 

In this portion of the wood, the oaks are more wich'ly spaced than in the 
main wood, and the resulting absence of dense shade allows the Valhma and 
Pteridium to grow luxuriantly. This thick growth of Vdhifni [irovides abini'- 
dance of readily combustible undergrowth which, with the accompanying 
danger of fire, is to a large extent absent from the denser main wo<.)d. 

The serai changes in the subsere initiated by this burning of the under- 
growth were found to be well shown in the already-mentioned small patch of 
oaks which lie to the east of the main wood. Here the trees are widely spaced, 
allowing Calluna to become dominant in the ground flora. The western 
portion of this patch showed unmistakable signs of having been burnt within 
the last twelve months. Here again the oaks, in their upper parts, were in 
almost every case quite dead, but had produced the usual dense growth of 
suckers. PL XIV, Phot. 6, shows this part of the wood at the time of writing 
the present account. In the foreground can be seen the dead Calluna stems. 
An examination of the new ground flora in this region showed that the plants 
present could be divided into two categories : (a) those which had not had their 
underground parts killed by the fire, and which were springing up again from 
•these old stocks, and {b) those species which had been more or less completely 
Pilled, and which were reappearing as seedlings. . Below are lists of these two 
groups with their frequencies as they occurred on this burnt area. 

(a) Springing from old stocks: 


Vaccinium myrtillus 

a. ■ 

Dcschampnia fioxuoBa cj*. 

■•V. vitis-idaea ■' •’ 

1 

SorbuB aucujKiria n. 

Pteridium aquilinum 

o. to i 

Bleclmum Hpieaut o. 

, Erica cinerea. 

o.'. 


(b) Seedlings: 

Calluna vulgaris 

1 

Antboximtimm iwloratum «>. to f. 

]i]rica cinorea 

0, to L 

l)escham|wia lleJUiuHa o. 

Galium saxatile 

i . 

Fotentliia erecta o. 
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From tFese lists it will be seen that one of the most conspicuous efiects 
of the burning, upon the ground flora, is the same as has been observed by 
Elgee (3)1 on the Yorkshire moors, after the burning of CaUima; viz. Fac- 
cinium myrtilkis becomes the most abundant constituent. A later stage in 
the subsere was found at the eastern end of this patch where the main shoots 
of the trees were from | to | in. in diameter. As far as could be ascertained, 
the annual rings present in the older shoots of these trees, indicated some 
five or six years’ growth. Thus the burning, in this part, must have taken 
place five or six years previously. The associated ground flora, dominated by 
Vaccinium myrt illus, and containing frequent well-grown plants of Erica cinerea 
(see PL XIV, Phot. 7), is given in the following list; 

Vacciiiiuiu d. Desclmmpsia liexiiosa f. 

V. vitis-idaea f. to a. Aiifchoxanthiim odoratiim f. 

Oalluria vulgaris (mostly Galium saxatile o. to f. 

young plants) f. Potentilla erecta o. 

Erica cinerea f. Lycopodium alpinuni o. 

Tlie Calluna herCj tlioiigli not yet approaching the position of dominance, 
is rapidly making headway. 

On the above area were a number of small patches which obviously 
escaped burning during the last fire. In these, the trees had the same general 
appearance as those in the main wood, although their existing shoots were 
considerably younger. The ground flora of these patches was dominated by 
Calluna^ associated with frequent plants of Erica cinerea, and can be clearly 
seen in PL XIV, Phot. 8. Its composition was found to be as follows: 

Calluna vulgaris d. Galium saxatile o. 

Erica cinerea f. Potentilla erecta o. 

Vaccinium myrtillus f. Bescliampsia ilexuosa o. 

V. vitisddaea f. Pteridium ac^uilinum o. 

Ill consideration of the above observations it is evident in the more open 
parts of the wood that the apparently coppiced” growth form of the trees 
can be occasioned by firing of the heather. Such a cause -would be more 
rarely operative in the denser areas where the undergrowth is sparse and 
poorly developed. 

(3) By natural death of the upper shoots, 

A possible natural cause of the apparently “coppiced” growth form of the 
trees is suggested by their appearance. 

Many of the main shoots of the oaks are in an extremely unhealthy state, 
while others are quite dead. Here, although not to the same extent as was 
observed in the burnt areas, there is a marked tendency for young shoots to 
be produced from the bases of the trees. These small shoots are of various 
ages and are more abundant on the trees with dying or dead upper parts (see 
PL XIII, Phot. 2). It is difficult to arrive at any certain conclusion concerning 
the death of the upper parts of the trees in these denser regions of the wood. 

1 Other references to the effects of burning of Oalhinu are Nos. 4, 5, 7, 8, given in the li&t at 
the end of this paper. 
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VoL. XIII, Plate XIV 


Photo 5- One of the trees in the central burnt 
area shown in PI XIII, Photo 4. Note the 
suckers springing from the stool, which has re- 
tained its vitality, while the old upper shoots 
have been killed bv the fire. 


Photo 6. View taken in tlie patcli 
the main Ilirkrigg wood sliowing 
trees and ground vegetation diirin; 
burning. 


Photo 7. A portion of the eastern patch of the Birkrigg Oaks 
(seep. 290) where burningtook place five orsix years previously. 
Note dominance of Vaccinium^ and the large plants of Erica 
cinerea in the ground flora. 


Photo 8. Another portion of the eastern 
Birkrigg Oaks where burning has not taken 
Note the dominance of C>tUuna. 
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All tlie oaks are very Biarkedly attacked by fimgi, tlie most coiispiciioiis 
of wliicli is Dichuefid (^ucfcina. TMs fixiigus is present in tlie imperfect 
state wliicb very commonly infects young oaks in all parts of tlie country. 
It is generally reputed to cause little or no damage to tbe trees, but in this 
wood, where they are undoubtedly growing under very limiting habitat 
conditions, this usually harmless organism, may become an important lethal 
factor. Nevertheless, whatever the specific causes of the death of the older 
branches may be, the fact remains that they are, in many places, dying, while 
the stools which retain their vitality produce a fresh growth of voung shoots. 
In this way it seems that the apparently coppiced ” growth form may, in such 
situations, arise quite naturally. 

The Kbskabale Oaks. ^ 

This wood occupies a site very similar to that of the Birkrigg Oaks. Its 
position however is more accessible than that of the latter as Keskadale is a 
valley of considerable size with a number of farms in it; also the main Nfnvlaiuls 
road from Keswick to Biittermere runs through it. For this reason oiu^. is 
rather surprised to find that the wood covers some 19 acres of grouiul, i.e. it 
occupies an area more than twice as great as that of the Jfirkrigg Oaks, it 
stretches about 600 yds. along the south-east slope of Ard Crags, and is 
approximately 300 yds. across at its widest part. The upper limit of the wood 
proper lies at an altitude of about 1500 ft., although stxinted oaks grow at 
still higher levels on the crags above. The lower margin lies a little below the 
1000 ft. contour. 

The slope on which this wood stands is somewhat steeper than that 
occupied by the Birkrigg Oaks, making on an average an angle of about 40"' 
with the horizon. The soil is of the same type as in the other wood, and in 
places rapid denudation is taking place. This is particularly noticeable at the 
north-east and south-west ends of the wood, which is however, nowhere mt 
into isolated strips by scree. To the south-west of the centre of the upper margin, 
the slope becomes much steeper and passes into precipitous crags. I’lie oaks 
continue to grow for some distance up the crags, although here, as one would 
expect, they are very stunted. 

In the centre and lower parts of the wood the trees correB{)ond in appearance 
with those of the Birkrigg wood but are a little taller on an average. Along tlie 
upper margin however, just below the crags, they grow to a height of some 3>0 It., 
with a girth of about 36 ins. These variations in the tallness of the trech in 
different parts of the wood arc of considerable interest as the,y definitely 
related to variations in the slope of the hillside. If the wood is vit‘wcd from 
some distance along the valley, the tops of the trees form a very even surface 
which does not appreciably deviate from its general regularity, with minor, 
although abrupt, changes in the contour of the slope. A similar reguiariiy 
surface is mentioned by Worth (2) in oonneotion with Files Wood on Dartmoor* 
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It is also,, noticeable wbeii tbe Birkrigg Oaks are viewed from a distance, 
altliougli kere tlie regularity of tlie slope of tlie Mllside and tlie corresponding 
uniformity in tlie heights of the trees render its significance less evident. 

There can be little doubt that the primary cause of the trees growing up 
to this “general vegetation level” (11) lies in the effect of wind. Fig. 2 is a 



diagrammatic bisect through the upper part of the Keskadale wood. On this 
diagram, the central region of the wood, where the slope is fairly uniform, is 
indicated at A, At S, just below the crags, there is, relatively speaking, a 
hollow in the hillside, and here the trees grow taller than those at thus 
preventing any correspondingly sudden variation in the “general vegetation 
level.” At 0, on the crags, for a similar reason, the trees are very much stunted. 
The arrows on the diagram indicate the approximate mean path taken by 
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those winds wMch have the most serious limiting effect upon the vegetation 
of this slope. 

The effect of wind, as a limiting factor, upon vegetation has long been 
recognised, and is discussed at some length by Yapp (11) in eoniiection nitli 
marsh vegetation. 

The Keskadale wood, as regards its floristic composition, bears a close 
general resemblance to the Birkrigg wood. The trees are apparently all Quervun 
sessiliflora, except for an occasional Sorbus aucwparia, A few mountain ash, 
but no oak, seedlings were observed, although the latter was possibly due to 
insuificient searching. The composition of the ground flora was found to be 
as follows: 


Pteridium aq_uilinum 
Calluna vulgaris 
Vaccinium myrtillus 
Oxaiis acetosella 
Galium saxatile 
Campanula rotundifolia 
Viola riviniana 
Potentilla erecta 
Veronica serpyllifolia va 


f . to a. 

0. to La. 

1. f. 

o. to f. 
o. to f. 

o. 

o. 

o. to f. 

r. liumifusa o. 


Teucrium seorodoiiia. o. 

Hypericum pulcliruin o* 

Bubus sp, o. 

Sorbus aiicuparia (st‘cdlingH) c* 
Dcschampsia ilexuosa f. to a. 

Agrostis canina L to a. 

Aiithoxaiithiim odoratuin L to a. 

Pestiica oviiia o. 

Bleclmum spioanfc o* 


Bryophy ta : 

Antitrichia curtipendula 
Brachythecium rutabulum 
Bryum capillare 
Campylopus fragilis 
Dicraniim majus 
D. scoparium 
Eurliynohium praelongum 
Hylocomium loreum 
H. splendens 


Hypnum cupressiformc 

,, var. tiliformo 
„ var. ericetorum 

H. sclireberi 

Plagiothecium denticulatum 
P. silvattoum 
Polytrichum aloides 
P. formosum 
P. piliferum 


Bhacomitriiim iKderostiehum 
Pv. lanugirmsum 

B. Slide ticii 111 

Ulota oriapa 
Diplopby llu m al bi(;ans 
Lophozia barbata 
L. tloerkii 
Scapaiiia curte 


If tHs list is compared with that for the other wood given on p. 291 it 
will be seen that the two correspond closely. One point of .some interest, 
which is not brought out by the above list, is in connection with the distribu- 
tion of Calluna and Vaedmum myrtillus. As one passes upwards through this 
wood in a westerly direction from the lower side of the north-eastern end, 
Vaccinium myrtillus is found to be entirely absent over the lower and central 
resions and Calluna only occurs very sparsely in the more open spaces between 
trees In the upper and more westerly parts, as one approaches the crags, 

CaZZwa becomes dominant in the open, unshaded areas, and grow.s i.rufustl} 

aoeneiflted with Erictt cinerea on the crags. , , , 

Below the lower margins of the wood, a few inore or less is., atei trees 
occur and most of these have a curious, very thick, bushy growth ul enw 
shoots round their bases (see Fig. 3). These shoots probably o^ye llicir origin, 
in the first place, either to cutting, or to burning. It is obvious, howewr 
that their thick, bushy growth is the result of sheep grazing, us cons.aembh 
numbers of these animals feed on the hillside. 
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Immediately below tbe wood is a narrow zone of grass heath with no 
markedly dominant species, and below this, Pteridium becomes dominant. 
At the north-east end of the wood the Pteridietum extends right up to the trees. 


3. An oak tree just below the Keskadale wood showing bushy growth 
caused by sheep grazing. 

md, as on Cansey Pike, running along the slope from the wood, in a north- 
Basterly direction, is a zone of Fteridietum stretching from the road below up 
■;0 about the level of the trees. Above this Calluna tends to become dominant. 


Conclusion. 

From the foregoing brief descriptions it will be seen that these two woods 
>resent a number of features of ecological interest. From a consideration of 
labitat conditions, as regards altitude, slope of ground, soil, etc., there seem 
:ood reasons for believing that we have here authentic relicts of a primitive 
orest which at one time was of much greater extent. This idea of more ex- 
ensive woodland is supported by some of the place-names of the district in 
he immediate neighbourhood of the existing woods. For instance, we have 
hrk Rigg, Birkrigg Browb and Birkthwaite. These may either refer to primitive 
pland birch woods, or to birch woods appearing after the felling or degenera- 
ion of oak woods. Again, along the ridge, about half a mile to the east of the 
wcskadale Oaks is Aikin Knot, while below, in the valley is Aikin House, 
'he Aikin here is obviously derived from Oaken. The distribution of Pteridium 
long the hillsides, beyond the limits of the present woods, is also significant 
i connection with the supposition that this plant often occupies the site of 
)rmer woodland ( 8 ). Further, there is little room for doubt that the larger 


W. Leach 


2 !)!) 


valleys formerly supported oak woods, . although these lower lying valley 
woods, judging from tlie trees at present, growing in tlie liedgt'iiiws, win* 
probably largely dominated by Quercus rohiir. 

That a very considerable amount of human interference lias taken place 
within historic times is more than likely, and, although no infonuaTiun 
cerning the cutting of the Birkrigg Oaks in recent times was obtained, it was 
definitely ascertained, indirectly, from one of the older inhabita-iibs of tin* 
district, that the Keskadale Oaks were cut, about a hundred and iifty ycnirs 
ago, for the purpose of obtaining bark for tanning. Most of the* trees, ilu*re!<u’e. 
in this latter wood, are the result of regeneration by the development <)f 
suckers from the old stools. This fact wmuld here explain the ‘‘coppiced'* 
growth form of the trees. The fact that this growth form can arise in otlier 
ways, and may be an entirely natural result of certain habitat ccnulitioius is 
of some interest. This is especially so in the light of paralltd cases described 
in connection with very similar woods situated on Dartmoor (2). The ex- 
ceptional altitude of these woods is of considerable interest in view of their 
proximity to the sea. Brockmann (1) has shown that, in the Xort1ic‘rn lleini™ 
sphere, the presence of large land masses has tin* elfee-t of pushing the tree 
limit nearer to the pole, wdiile the presence of oceans 1ms the opp«)site eJTect. 
He has also vshown that, in alpine regions, the tree limit o(!(*urH at a higlier 
altitude where climatic conditions are of a cuntimaital nature, than is tlu* 
case where oceanic climatic conditions prevail. Taking into account Brock - 
mann’s conclusions, one would expect to find that these woods, and also those 
on Dartmoor, occupied positions of a somewhat lower altitmie tlian upland 
woods of the more inland parts of Great Britain. From tliivS it would seem 
probable that the upward limits of Qmreetum sessilljiome and yuc/f'c/aa^ 
roburis in this country occur at higher altitmles than has umially iu'en assunuMl 
(about 1000 ft. for Quercetum sessiUjtome (8)). The soutluTU aspect of the 
slopes on which these woods occur will also have a marked irdluence upon the 
altitude to which the trees ascend (9). A limiting factor howenau is intro- 
duced by the position of the woods, which are ex|>osed to the action of cold 
east winds, but these, judging, from conditions existing in the ease of tlie 
Dartmoor woods (2) have a less serious effect upon tree growth than the 
soutlu-westerly Atlantic gules. 

In conclusion, it seems possible that these two imdoubtetlly aiiciimt woods 
may, under existing conditions, eventually disappear, owing to the almost 
entire failure of natural regeneration by means of seedlings (10), Tliert* is 
very little evidence to show, at present, that they are not stable asHociatioiis, 
but, though regeneration by means of suckers may quite successfully contifiiic* 
for many years, one cannot conceive of its being effective over an iiHleliiiite 
period. 

I am indebted to the Joint Standing Committee for Eestuirch of Tlie 
University of Birmingham for providing a grant to defray the expeiiHo of one 
of the plates illustrating this papor. 
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PLANT STRITCTUE,.E AND EN?IR()NM:EN1.^ WITH 
SPECIAL REFERENCE TO FOSSIL PLANTS 


BEING THE PRESIDENTIAL ADDRESS TO THE 
BRITISH ECOLOGICAL SOCIETY 
DELIVERED Jan. 10th, 11^25 

By E. E. WEISS. 

In my presidential address to the botanical section of the Britisli Association, 
meeting at Portsmouth in ISll, I drew attention to flie Rtatement of Dr 
D. H. Scott at the conclusion of his Stndies in Fossil BoUiny that ‘Hlie siifijetd 
of the biology of fossil plants as illustrated espeOaily by plivsiologirnl 
anatomy, offers a wide and promising field of re>search.’' 1 ventured at llie 
time to make some remarks on the general biological eon<iit,ions, nrubr which 
the plants of our Coal Measures lived, .based upon some cif tlie more striking 
features of their aiiatoniical strnctnre. If I refer to this rnaitcw again if is 
with a vie\v to stimulate interest in this faseimiting problem ami help to 
extend its study. That this aspect has not been neglected by f)a!aeobotfi.irieal 
observers is evident from the vivid account given hy Kidstoij and Laugh not 
only of the conditions under which their remarkable l)evf)niaii Psilopliylales 
gre-w, but also of the nature of the cataclysm which end<a! in their perfect 
preservation in silu. These speculations are based in part on thcdr iK^rmiil 
anatomical structure, in part on certain apparently pathological features 
which their tissues exhibit. Quite recently too Oothan’^ has dealt with tlie 
biological features of plants of the snccessive geologicnal formations. 

I shall confine myself to-day to plants of our British (bal Measures witli 
which I am more familiar and from which, owing to their less perfect pre- 
servation, a good deal more requires to be learnt. In this direction Harasliaw 
Thomas^ has shown us a useful line of advance by his invivstigations of tlie 
leaves of Calamites. After a careful comparative account of the various forms 
of Calamitean leaves, he considers ' also the probable liabitiit and flitiial-e 
under -which these carboniferous plants grew. I will begin my eonsidertif itm 
of the subject to-day with the structure of the roots, not beciiiise I ilo nol 
equally value the testimony that can be gathered from the leaves, but becaust* 
the evidence of both sets of organs requires to be taken into foiihub^ratioii in 
determining the physiological needs and the biological coiulitioiiB of the piriiit, 

^ ICidston, K. and Lang, W. H, “On Old Red Sandstone llaitkMlwwiHfj St rarttiiv*,” fi»ri V. 
Tram* Ron, 8m. BMmbffgh^ 52, W21. 

^ Gotban, W. Palacohioiogme^f- BtlmeUungm Akfmmh PfltmzmmR, lUlU. 

® Tto.omas, H. the lea von of Calamites/’ PMh Trum. 202, HU I , 
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Strueture and Environment of Fossil Plants 


Tlie young roots of Calaniites are in structure typical of those of a marsli 
or aquatic plant. So close indeed is their resemblance to the latter that the 
name of Myriophylloides was given to them by Cash and Hick^ before it was 
known that they were the roots of Calamites. Apart from the vascular tissues 
which have a typical root structure, they are characterised by very large air 
spaces between the radial rows of cells of the mid-cortex. An interesting feature 
of this lacunar cortex, to which little attention seems to have been paid, is 
the fact that in many of the roots a curious bulging of some of the cells seems 
to have occurred (see Scott’s Studies, Fig. 17), which at first suggests that 
protuberances are formed for the purpose of keeping open the intercellular 
passages of the very delicate roots, since the latter have no obvious septa. 
In a few roots I have, however, observed that the spaces may become almost 
entirely obliterated by such cells, though no doubt small intercellular passages 
may have been retained. This might therefore represent a method of general 
strengthening of the lacunar tissue. Another suggestion that might be ad- 
vanced is that roots of this nature were growing in a drier medium than was 
normally the case, or were required to be of firmer texture, perhaps to act as 
stilt-roots. On the whole, however, it seems to be a common development in 
these roots, and represents an occurrence which I do not know to be paralleled 
among recent plants. 

What happened to the lacunar tissue in old roots in which the vascular 
tissue had undergone secondary thickening is not clearly known. But that the 
older roots were provided with aerenchyme is obvious from Eenault’s figure 
reproduced in Scott’s Studies (Fig. 16, p. 38). It is possible that the radial 
rows of cells there shown may have arisen by a stretching of the primary 
lacunar tissue, but there is also a possibility that their origin may have been 
a secondary one. The appearance of this tissue in a root with secondary 
thickening resembles very closely the structure shown by a pneumathode of 
though I do not wish to suggest that these roots had primarily a 
similar function. Attention has been drawn by various observers to the root- 
hairs generally with dilatated base which occur on the rhizomes of various 
Equiseta. No such root-hairs have been found on Calamite roots and it is of 
course possible that they may not have possessed any root-hairs, as is the case 
with many aquatic plants. The external layer of the roots with thick outer 


walls, which was termed the epidermoidal layer by Williamson, may be, as 
Scott indicates, comparable with the exodermis of many recent roots, but 
possibly be the true epidermis, which may subsequently have become, 
ened. We must, however, bear in mind that, as Mrs Arber states {Water 
ts, p. 208), “in the roots of water plants the piliferous layer and the 
mediately below it are often cuticularised.” Sauvageau^ also states 

W. and Hick, T. Proceedings of the Yorks. Geol Fohjtech, Soc. 1881, 
ageau, G. '‘‘Sur los fciiilles de qnelques MonocotyledonevS aqnaticmes.” Annahs de^ 
er, vn, Bot. 13. 1891. 
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that in the case of the leaves of submerged; the niikh 
no obstacle to the entry of lic^iiids as proved by plasmolvsis experiiiietits in 
which the whole leaf was used. As regards^the Btems of the (‘alniiiilew our 
knowledge of its aerating tissue is more limited, largely owing to the fiuu ftyif 
the layers lying outside the vascular tissue are generally not well f^restTved. 

All stems, however, show a hollow pith fornu d probably by diMirgaiiiMil ion 
of its tissues, but bridged over at the nodes by a definite se]>f!iiii. Whether 
this septum, which is .comparatively substantial, luul any line passnges for air 
or not we do not know. No indications of such passages are appiirent, but t!it‘ 
matter is worth further investigation. The young stem in which wt‘ iiiiglit 
look for a lacunar cortex has so far not .revealed any sueli striici'iire. The 
specimen figured by Hick and by Sewwd {Fossil Phnis. 1, p. , 115 ) shows an 
internal cortex of. large parenchymatous cells and an outer oiic‘ of smaller 
cells, some of which are thickened, but the irregular outline of tlit‘ stem may 
indicate that we have not got the natural lioundary of the stmiL 

There is certainly nothing in Calamites t%H striking as tin* valiemilar eamilH 
in the cortex of the various species of Equiseinm. On the otlu‘r IuiihI in the 
older stem figured by Seward (Fossil Plmifs\ Fig. 74 /I), in which the epi' 
dermal layer is preserved, there are in the outer eortox bands of sidercoicliy- 
nxatous cells alternating with spaces which might have* been ofCijpied by more 
delicate parenchyma as suggested by Sciward, but which might possibly have 
been intercellular passages similar to the vallecular canals of Eqidseiimo 
A further, investigation of the liest preserved material might tlirow light on 
this subject. 

It is perhaps of interest to note. that in Palmosfuehqa nine siicli. canals'' 
alternating with the carinal canals have been described l>y Hickling^ in llie 
slerotic disc of the nodes (see also Scott’s SlNdirs, Fig. 27), 

In the vascular cylinder we have of course, in almost al! Ckiliimitcmii sfccuns 
the very characteristic carinal canals associated with the protoxylmn eiements 
and indeed formed by their disorganisation according to Hcott*s deserifitioii 
(Studies, Fig. 6). To what extent, if any, they are concerned witli the 
of the tissuc*s is cpiite uncertain. 

We have still to consider the large central hollo'w carml formed by the 
disintegration of the pith. Such hollow pith is of course by no mciins limited 
to aquatic plants and may have more to do with the eflicimit im*chaiiical 
distribution of the tissues on the principle of a hollow cylinder, ami wd possc’ss 
any physiological significance. The transverse septa which cut off the ctuitral 
canal of each internode from the next, thus forming apparently air-tight 
compartments, would seem to militate against the latter fiiiiclionitig in any 
such capacity as that of aeration. I shall, however, refer to this .matter later am 
So far no stomata— such conspicuous objects in the K«|iiiHcta" ■■lisi.ve bt*«*n 
found in the epidermis of the internodes of the stem of fht* (diiimitcs, 
^ Hicklittg, G. ‘'Tht» ef remP d»w. «/ ikd 2i. IWf’L 
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but it is possible tliey may yet be found, tbougb. it may be that tbe provision 
for the intake of air tbrougli the leaves in Calamites compensates for the absence 
or infrequency of stomata on the stem. Nor have any lenticels been observed 
in the older stems such as one might expect on stems with secondary thick- 
ening, particularly if there was great need for conduction of air. 

Taken in conjunction with the facts elucidated by Thomas for the structure 
of the leaves, which contain wide intercellular spaces between the palisade 
cells, the anatomical characters of the root indicate the development of an 
extensive system of aeration, such as is characteristic of aquatic plants. Of 
the recent Equiseta, the nearest living relations of the Calamites, a number 
grow under aquatic conditions, though other species affect drier situations. 
In some of these, E. arvense for example, the aerating tissues show a decreased 
development, particularly the intercellular spaces in the root which are so 
largely developed, as in the Calamite root. Still we must regard the Equiseta 
as very adequately supplied with air- conducting passages since linger^ has 
shown that, if a stem of Equisetum limosum or E, hyemale is plunged into 
water and air is blown into the cut base, bubbles will be given off through the 
stomata in the stem. With a little more force an even better eSect can be 
obtained with the sterile shoots of E. m~aximmn. Unfortunately, we cannot 
make similar experiments with fossil plants. It remains for us to trace, as far 
as that is possible, the continuity of intercellular passages from the leaves 
into the stem and hence down into the roots. For this a detailed search is 
required. But with time and patience this may yet be done. We do not know 
for instance what happens at the nodes of the Calamite stem. The large 
central canal of each internode would seem to be completely cut off from 
that above and below by the nodal septum. But it is possible that the central 
cavity may be connected even in comparatively old plants, in which it is 
surrounded by a massive central cylinder with intercellular spaces in the 
cortex. I am inclined to think that Williamson’s ‘'infranodal canals,” which 
pass in the primary medullary rays through the whole extent of the secondary 
wood, may have been part of the aerating tissues of the older stems. In well- 
preserved specimens, however, no actual canals are seen, but a small-celled 
tissue which has been regarded by some investigators as of a secretory nature. 
But the frequent defectiveness of the cells suggests to me a similarity to an 
aerating tissue such as is found in lenticels, though here we have communica- 
tion with the exterior rather than with the centre of the stem. In this con- 
nection it is of interest to note that Jeffrey^ has found structures similar to 
infranodal organs of Calamites in such marsh plants as PotenUlla qMmtris 
and Polygonum ampMhium. That the leaves have certain xerophytic character- 
istics, as Thomas has shown, does not invalidate the conclusion that the 

1 Unger. “Beitrae^^e ziirPhysiologic dorPflanzen.” Sifmngsber. d, Kais.A lead. d. Tf m.26,1857. 

2 Jeffrey, E. G. '‘On Infranodo,! Organs in Calamites and Dicotyledons,” Amuih of Bof. 

15 , 135 . . 
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Calainites were rooted m,. a watery mediimL Even fteTlHlyw^ iii his mlidr 
tlie Xerophytic Characters of Coal Plants,’^ admits that iht* 
were decidedly liygrophytic. But the rest of the palaeozoic plmith, like flitir 
modern representatives, he asserts, were xerophytic* This, he says, ’'‘iiiiplies 
that the majority of the coal-plants did not grow in swajiiph.*' 

Let iis now examine some, of these other plants in their ttirm Taking the 
Lycopodiales first, we will start here too with the ahsorpliv<‘ c^rgaiis. TIicm^ 
.are borne in the case , of Lejndoihndron and Sigillaria on tin* Hliginariaii axes, 
the morxjhological nature of %vhicli has been so much discussetl. The root lei s 
these axes bear would certainly be regarded by an iinlaassed obHt*rvt*r as 
suited to an aquatic habitat. They are devoid of rootdiairs, and their most 
characteristic feature is the lacunar nature of the middle cortex, tin* dertcaie 
tissue usually defective in petrified material and replaced by a widi‘ inter- 
cellular s|)ace, so that the monarch vascular cylinder is either completi‘ly free 
from the outer cortex, or slung up. to it. by a comfjaraiively narrow bund of 
parenchymatous ce,lls. The only root of recent plants wlii(h a clcmi* 

comparison with the Stigmarian appendages is that (d‘ Isovien, a trsily mpialii' 
j)lant and one which is in all probability its nearest living relafivt*. It is ef 
interest to note that in one type of Stigmarian rootlet^ the middle cortex was 
of a closer and firmer texture and resembles a mass of interlacing ccIIh. Proli 
ably this, tissue was provided -with small intercellular spaces and piwsilily it 
may have arisen by a seoo.ndary change in tin* lacmuir tissue in llir* saine way 
as I mentioned a filling up of the lacunae takes ftlacc in some root.s erf Piilu- 
mites. But though this particular roothd- in (picsticm md indicate an 
aquatic habit, we may safely say for tfie Stigmarian rofdJets iih ii \-vhole that 
they were adapted to a watery medium. 

The very defective middle cortex, together with the monarch mitiirc of the 
vascular cylinder, seems to have necessitated tin* development of a s|Muhil 
structural device for transmitting the water absorbed by the epideriiiis to the 
vascular cylinder which, as far as I know, is unique in the vegeialth‘ kingdom. 
This is the development of <ielieate radially running striincls of tmclw^ids^ 
linking up the protoxylem group of the central cylinder with a syst,eiii of 
tracheids found in the outer cortex. 

The Stigmarian axis from which the rootlete spring, shown like the 
a very defective middle cortex, only here and there are signs cd delicate (iclls 
which are generally so badly preserved that a wicic spaet^ seems to sep.arutc 
the outer cortex from the inner cortex which surrounds the vascular cylinder. 

Obviously in this problematical organ considerfible provisiem had 
made for the conduction of air from the aerial portion of tlie |>hiiit. to parts 

^ Henslow, G. “On the Xerophytie Cliar»oter« of Cjpftftin Coal Jmm. ttf the 

iSoc* of Lomiotif 68, 1907, 

a Weiss, F, E. Menh and Prtx, lAL titnS PML Bne. 46, 1902. 

« Weiss, F. E, “I’lio Vawniar Brnnehet of Htlgm^rian Ana. of HoL It, Iturh 
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rooted in waterlogged soil. But just as in the case of the rootlets, so also in 
the case of the Stigmarian axis a special type has been described^ (Xenophyton 
radiculosmn of Hick) in which the middle cortex is well preserved, being 
formed of a much denser mass of cells with no very obvious intercellular 
spaces. Possibly it bore the rootlets with similar middle cortex mentioned 
above and it may have belonged to the stem known as Lepidophloios fuliginosus 
which had a similar middle cortex. With this exception the stems of all the 
Lepidodendra and Sigillariae have, like the Stigmarian axis, a very defective 
middle cortex, indicating that this tissue was of a very lacunar nature, as 
can be seen in the few cases in which it is preserved. 

The question now arises how this aerenchymatous tissue communicated 
with the atmosphere. In the younger stems this took place through the leaves, 
and a very special feature of the Lepidodendraceae are the so-called parichnos 
strands, passages of lacunar tissue, running from the lacunar middle cortex 
through the thick-walled outer cortex to the leaves. Normally in the state of 
preservation found in the so-called ‘^coal-balls,” the parichnos strands are 
mere empty spaces, but occasionally the tissue is preserved and its wider 
intercellular spaces can be seen. At the base of the leaf the parichnos strand 
divides into two, the branches running on either side of the vascular bundle, 
so that when the leaves fall oh two distinct marks are found on the leaf-scar 
by the side of the vascular bundle. No doubt in the leaf the parichnos strands 
communicate with the lacunar mesophyll and thence through the stomata to 
the exterior. But when the leaves were shed the two scars, leading into 
passages filled with a loose-celled tissue, could act in the capacity of lenticels, 
increasing in size as the massive periderm formation took place in the outer 
cortex. The stems described formerly as Syringodendron are now known to 
be merely a particular stage in the development of Sigillaria, in which 
the leaf cushions and indeed the scars have disappeared, while the paired 
parichnos strands are often widely separated and greatly widened, sometimes 
a centimetre or more in diameter. 

Plants with so adequate a provision for the intake of air and for its con- 
duction to the tips of the absorbing organs seem clearly to have required 
special provision for the aeration of their roots like marsh or aquatic plants, 
and we may, therefore, consider the Lepidodendraceae as such. It is true 
that the leaves of these plants show some provision for reducing transpiration. 
Even in the flattened leaves of Lepidodendron there are two deep grooves on 
the under surface into which the stomata open, while in Sigillaria the much 
narrower and almost acicular leaf has deeper grooves and the sclerenchy- 
matous tissue is very well developed. Also the vascular bundle of the leaf is 
surrounded by a massive sheath of tracheids which would have been able to 
serve for water storage. We may perhaps explain the xerophytic modifications 
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of tlie leaves of the Lepidodendraceae, as of other marsh plants, l.y relief tinK 
that the large development of lacunar tissue, which was necesKary for the 
efficient aeration of the roots embedded in a waterlogged soil would of 
necessity increase the amount of moisture given off into the wide intercellular 
spaces. If therefore the leaf were of normal mesophytic type, it would in* 
liable to an excessive amount of transpiration. Hence possibly the tendency 
for many marsh plants to decrease the size of the leaf. The .Kcrophytic leaf 
formation of certain aquatic and marsh plants may therefore have b«>en of 
the nature of a compensation for the large development of intercellular 
spaces, necessitated by tlie need for aeration of the roc^ts. The leaves cd the 
Lepidodendraceae, in spite of their xerophytio appearance, may have given 
off as much water vapour as those of a mesophytic plant math larger leav’cs 
but smaller intercellular spaces in stem and root. The general apjieanince of 
a leaf does not always give us a correct idea of the amount of lniiiS|finitio!i, 
as has been shown by the work of Prof. Senn^and his pupils in conneclion u ith 
alpine plants. Thus he found that the thin leaves of Alehemilla rulgiiri^ gave 
off almost as little water vapour as the succulent leaves of Xfiw/rreirww, 
while the thick-leaved Rantmmlus glaeiulis and Ilmwgijne alpinit gave i*f! 
five or six times as much water vapour as the thindeavtal AMemillfU Kxperi 
ments carried out in my laboratory have shown that the pendant mature 
leaves of Eucalyptus, generally regarded as .xerophytic, transpire as mmh if 
not more than the more horizontally expanded and more delicate leaves uf 
the immature plants. 

Those who, like Prof, Henslow, maintain that the Le.pidodtmclracear* were 
not swamp plants but represent the vegetation of drier regions, iniiy suggi^Ht, 
as some have done, that the remains of these plants had beei! carried into 
marshy peat, which subsequently became the coal. Two facts may be brought, 
forward against this view. In the first place, it is w^ell known flint in the 
Lancashire Coal Measures many Stigmarian stumps are rooted in liarids of 
clay, o|ten known as Btigmarian Clay,, which lies immediiitely tielow' the c‘oal 
seam, and this, no doulit, represents the fine muddy bedtom of the swamp in 
which the vegetable debris accumulated to form a peat. Secoiiclly, in ,ilie 
so-called coal-balls 'which have preserved for us the peaty mass in ii |M»trified 
condition, we find the ubicpiitmis Stigmarian rootlets- penetratifig the entire 
mass and pushing their way i'uto the decaying tissues of the various phiiits of 
which the peat was formed. 

To say that all the other plants associated with the waterdoiing CalatriifeH 
and Lepidodendra in the coal-balls were aquatic or even marsh phwits 
be going too far, nor will time permit me to discuss the nature of ail ilw 
interesting forms. That most mterestmg and sj^citdised phuit, Hpkfiuiphffllum, 
would well repay further invcBtigation from the point of view of physiologii'^al 

1 Seim, Cr. ‘^Untemichimgen iWm' dm ihr AipcBpflanw'n/* Vfrkmd, fl* 

jiaturJorRch. (Jes^ Bern, 1922. 
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anatomy, and siicli investigation might settle the question as to whether it 
is an aquatic plant or not. I would like, however, to touch upon two groups 
of plants which certainly require consideration if we are to form any idea of 
the forest vegetation to which we owe our coa.l formation. I refer to the 
Pteridosperms and the Cordaitaceae. Both have leaves which show certain 
xerophytic adaptations, and neither in their foliar organs nor in the stem have 
they any large developments of air-conducting tissues such as we have seen 
in the Calamites and the Lepidodendraceae. It might in their case, therefore, 
be suggested with a greater degree of probability that fragments of these 
seed-bearing plants had been carried by wind or water into the peaty mass 
in which the Equisetales and Lycopodiales grew. That I do not believe to 
have been the case, for young and delicate roots of Lyginodendron are found 
evidently growing in the peaty mass, and even root tips have been preserved 
in such perfection that we may assume this plant to have been rooted in the 
peat. The young roots of Lyginodendron too, when well preserved, often show 
a considerable amount of lacunar tissue^. So though it may have had the 
habit of a scrambling fern, it m.ay have been able to root in marshy ground. 
For Cordaites I think we must assume generally that it was rooted in drier 
peat; for apart from the absence of aerenchyme and the very considerable 
development of periderm, we have the fact that the roots sometimes possessed 
mycorrhizal development^ which we should associate with drier conditions of 
the peat rather than a waterlogged condition of the soil, just as we find Erica 
and Callma with mycorrhiza on drier peat. I would picture the marsh, 
therefore, as possibly formed by the filling in of some large expanse of shallow 
water in the first place by Calamites, which possessed a rhizomatous develop- 
ment that enabled them to colonise the lagoon from the margin and thus to 
prepare the ground for subsequent vegetation. The Lepidodendra would 
probably be confined to the regions nearer the shore, since they do not generally 
show such indication of progressive growth by vegetative means as do the 
Calamites. It is true that it has been suggested that the Stigmarian rhizomes 
may have given rise by budding at intervals to upright stems, but we have 
little evidence that this was the case. Some curious short conical axes of an 
uncertain nature have been described by Goldenberg^, sometimes with the 
Syringodendron marking, referred to above as probably functioning like the 
lenticels of the recent trees. Such growths {Sigillaria cactiformis)^ 18 ins. in 
height, might be compared physiologically, though not morphologically, to 
the so-called “'knees” which surround the stem of the Swamp Cypress 
(Taxodium) and other swamp and mangrove plants. 

The gradual accumulation of decaying vegetable matter and the filling in 

1 Bee Scott, D. H. Extinct Plants, Fig. 37. And Fblix, J. Oarbonpflanzen, PI. 11, %. 2. 

19( 0 T. G. B. “The lateral roots of Amyelon and their Myeorrhiza.” Ann. of BoL 23, 

® Goldenberg, F. Flora saraeponlana fossilis. Ba-arbrxicken, 1855, 
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of the expanse of water would prepare the way after a time for plaiitH vvitli 
adaptation, to a watery mediiiin. To this type belonge<l probalily tim 
dophhios referred to above, with little provision in its stem for eontiiHlioii of 
air and possibly with the similarly constructed rhizome (Xtmoplnion) miii 
rootlets. Together with LepklopMos, or perhaps in even drier Iiic‘iiiities, iniv 
seed-bearing plants, the Pteridosperms and Cordaitaceae. may lia estabiislied 
.themselves. Having determined the marsh-like nature of the ( oa! Ab^ahiire 
forest, we have to consider whether it was a salt marsh or a fresh- water iiiarsli. 
The former view has been advanced by Dr Stopes ami D. M. WniHoiib 
These authors have based their opinion partly on the xerophytic^ modificatloiiH 
of so^many of the Coal Measure plants. and partly on the preservative^ iialiire 
of sea- water, which they think accounts for the excellent prt'servation of 
many of the tissues found petrified in the coal-balJs. it may, however, be 
pointed out again that xerophytic modifications are quite (?onimon in thi 
of certain plants {Seirpus, etc.) growing in fresh- water nulr^iu^s uiul tliat the 
peculiar succulent modifications of halophytic plants are ab.ven! frt)m the 
plants of the Coal Measures. Nor do we find any of the recent re present at iv(»H 
of the Equisetales and Lycopodiales in salt .marshes, while on other hand 
various species of Equiseta are inhabitants of fresh water and so is Lsofie.s, 
the .nearest living ally of the Lepidodeiidra. Moret^ver, as regnnis the, prt*' 
servation of tissues, humic acid is known to be an excellent preHcrvative of 
vegetable remains, and thoiig.h Stopes and Watson point out that the coal- 
forming mass of .vegetation did not co.rresporKl to true peat in tin* seiine in 
which we are accustomed to tise the .word in relation to inotnlaiid pent, iti was 
in all probability '‘rich in peaty acids.’’ If that were the case we might, 
expect the plant remains to decay very slowly and thus not only pr«*vide a 
coal seam of considerable thickness, but maintain their condition with Jiitli? 
alteration until they become petrified, as they w%*re by the infiltration of 
water charged with lime after the swamp had become covered by the «e», m 
was probably the case with those seams which have yielded the csalc^areoiis 
concretions knowm as coal-balls. As indicating the great preservativcf power 
of peat formations, Milde‘^, i,n his monograph of the Equkc4a, gives an accHiiiiit 
of, the discovery near Chur in Switzerland of a })eat layer about 10 ft. in 
thickness which had been covered up by mountain debris in apparently pre- 
historic times and in which remains of the rootstocks of EffiiMtimi 
were so well preserved that they could hardly be distinguished Iroiii fresh 
material. Even the KStarch grains were preserved in the cells. Other obsf».rverH 
too have indicated the excellent preservation of tissues of plant reniaifis tuio 
bedded in peat. 

If brackish at all, these swamp may have derived a slight salinity, like 

^ Stopes, Mavi% aad Watson, B. M, “BMfitetiott aad Orlfm C Vm- 
cretions in Coai Seams.” P'kH, Tnins, 200, 10ONS. 

Mildo. Mom^gmphm Mquimt&mm Mrn^ Jete, i^7, p. 34S* 


3l0 Stnicture a7id Emiromnent of Fossil 

some of the Norfolk Broads, as shown by Miss Pallis^ from the under- 
ground salt-water table communicating with the base of the fresh- water 
raarsh. For it is very likely that these swamps occupied the low-lying areas 
near the coast from which they may have been separated by a system of 
dunes. In that case a present-day analogy would be the Big Cypress Swamp 
of South Florida. This is stated to be 200 miles long by 30 broad and though 
coming near to the coast is separated from the coastal mangrove swamps by 
low-lying land of the savannah type. 

Having discussed the probable edaphic factors of the Coal Measure forest, 
we must consider the possible climatic conditions under which these palaeozoic 
plants grew. This point has received some attention from various botanists, 
Seward’s FomZ Plants as a Test of Climate being probably the best-known 
discussion of geological climates from the botanical point of view. Quite 
recently Gothan^ has discussed this problem in his Palaeohiologische Betrach- 
tungen and the question has also been dealt with by Potonie^. The old idea 
that the climate must have been very moist can no longer be supported in 
view of the xerophy tic character of the foliage of many of the carboniferous 
plants ; on the other hand, the view that the temperature must have been 
uniformly warm and similar to that of tropical or sub-tropical regions has 
much to support it. Uniformity of the temperature together with considerable 
rainfall, such as is found to-day in the tropical belt, is conducive to the growth 
of trees and to forest formation, and the wood of such trees is characterised 
by the absence of annual rings, caused by the alternation of seasons in tem- 
perate climes. Now one of the most characteristic features of the secondary 
wood of the Coal Measure plants is the absence of annual rings. It is true 
that we occasionally get appearances like annual rings both in the wood of 
Lepidodendron and also in Stigmaria, but they are in no sense definite annual 
rings, only spasmodic irregularities in the development of the secondary 
tissues. Williamson was probably correct in his statement that ‘Hhe meri- 
stematic activity of the cambial layer may have manifested itself irregularly 

rather than periodically.” 

The roots of Cordaites {Amyelon) curiously enough are frequently charac- 
terised by darker rings, two or three in number, which have at first sight the 
appearance of annual rings, but they show no such typical alternation of 
larger and smaller tracheids as one finds in Pinus for example. Since Cordaites 
possibly grew as" I have indicated above in somewhat drier areas of the peat 
it is possible that occasional occurrence of drought may be responsible for 
these markings. 

Another objection which has been raised to the assumption of a tropical 
climate for the development of the Coal Measure swamps has been the sup- 

^ PaUis, M. “On the Cause of the Salinity of the Broads of the River Thurne.” Geograph, 
Jourml, 1911. 

^ Gothan, W. Palaeohiologische Betrachtungen iiber die fossile PJianzenwelL Berlin, 1924. 

3 Potom6, H. Die Bntslehung dor JSteinkohle, 1910. 
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position that the thick mass of decaying peatdike vegetiikle iitallcr nihhl 
accumulate lmdea^ tropical conditions, as the high would 

a very^rapid decay of the vegetable d6bm It was pointed out tliuf peul 
foimatioii requires cool and moist conditions. Of late years, however. «i 
number of characteristic tropical swamps with peat 'or pfuitdiki* fhriiiatioii 
have been described. 

Potonie-h who has long upheld the tropical nature of tlie coal foresls, has 
drawn special attention to the discovery by Koorders of a tropif'iii frf*sli -wafer 
swamp in Sumatra (a Sumpf-FIachmoor) wdiich pnaluced a layer peaty 
material 9 m. in thickness. This peat, which w'as of good burning ea,paf'ity. 
consisted mainly of the leaves of the trees growing in the swiiiiip, for it was of 
the nature of a swamp forest. It was of large size, some 12 km. acrons, mid 
consisted of tall trees GO or more feet in height and biioiiging to various 
Dicotyledonons families. There ivere few Monocotyledons and no Uyirimo 
sperms.' This formation seemed to have no connection with or reHimibhiiice to 
the mangrove formation except in the tlevelopnient of !>reat!dnix roots 
was an almost complete absence of (^ramincae and Pyperat^eae. there 

was practically ■ no ground flora; the soil was ca»vered with rotting letivf^s 
through which the pneumatophores projected. There Wf^e very b‘W water 
plants in the stagnant pools. Neither Hplmjimm nor other mosses were 
present and there were few Liverworts, Liclums or Ferns. 

Since then Keilhack*'^ has described tlm existence of tropical and sub- 
tropical peat formation in Ceylon. The latter he found in tfic higlilaiids of the 
island due to the partial lUling up of Lake Cregory, But mi tlio roa^-thiiui of 
the island near Ambalangoda behind a sandy belt of dimes lie found a |M*al 
formation of more tropical character. Hare rainfall was about 225 «*im |Mtr 
annum, the mean temperature 28"^ U., and the |MUit had acciiiiiiilatiHl to ilie 
depth of 3 ft. Under these conditions the marsh or swamp proiiiiccd siicli 
tree-like forms as Burringtoniu and Brwjuiem ijfimmrhizu though the bulk of 
the vegetation consisted of Gramineae and Cyperaceae, Tppku and ErimfMhm, 
with ferns such as Gleiohemia^ Drpopterii^ Nfphmk^m find JiroMiiekiim 
aureuni. There was a complete absence of mosses. This foriiiatioii would 
resemble somewhat the semi-mangrove formation descrilanl by Taiistey and 
Fritsch in The Flora of Urn Veyhn LUioraW. 

The most recent description of tropical 8waitt|« from the African coiitiiieiit 
we owe to KrenkeF. Hc3 has described a swamp on one of the bays of Lakt* 

1 Potonid, H. “Dio Tro|K^n*B«mpfllaekmoor Hmtur ttes pimliiotivoti Jnkrk 4. 

Kfmigl prems. Ueoi. iMmiemindulU 30, 1^. 

^ Keimack, K. “ 0bor tropkeli© and Torfiawr© atif clor Iiim'H Jnkrh. 

d. KonigL p'ems, Gml. Landemml^^ 36, lOlS, 

^ Tansley, A, G. mid FritscU, F, B, “Ttw Fto» of llpCfeylcia filtriritl,” Xur 4, 

1905. 

^ Kr©nkal, E. “Moor'bilclmigofi im (kmimlU, 0f Mtm'ml OVoC umi 

Palaeontologies 1920. 
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Tanganyika, near Kigoina, and in a former bay now cut off from tbe lake. 
In both, cases tke filling in bas taken place largely by growth of Papyrus, bnt 
in spite of the tropical conditions a thick layer of peat had been developed. 
The peat was about 3 ft. in thickness and consisted of a fine mass mostly of 
root fibres but mixed with some remains of leaves and stems. The rainfall 
here is about 109 cm. per annum and the mean temperature 22-8° C. 

There is no doubt, therefore, that tropical and subtropical climates can 
produce considerable formations of peaty material and it is no longer necessary 
to consider that the substantial deposits of vegetable debris which have been 
transformed into our coals indicate a temperate climate for these palaeozoic 
plant associations. 

The other difficulty which requires to be removed, is how to account for a 
tropical climate in Britain and in Central Europe, two of the important centres 
of the formation of palaeozoic coal. Here we have to take into consideration 
certain geological data such as the fact that during carboniferous times a 
considerable glaciation occurred over South Africa, South America and 
Western Australia (permo-carboniferous glaciation). Koppen and Wegener 
in their recent book^ suggest that the only way in which it is possible to 
explain this fact is by supposing the poles to have occupied a different position 
in that past geological period from the present day position. According to 
these authors, the South Pole during permo-carboniferous times would have 
been somewhere to the east of South Africa, and as, according to Wegener, 
the South American and Australian continents were connected with South 
Africa, the glaciation of all these areas would be explained. Now supposing 
the South Pole were in this position and the North Pole in the northern 
Pacific, the Equator would have run through Mexico, the eastern states of 
North America, Central Europe, and northern China, along which line 
palaeozoic coal is found. This equatorial line would in those days have pro- 
duced a tropical forest vegetation due to high temperature and abundant 
rainfall, just as occurs now in the tropical belt. This theory, which is based 
on geological evidence, would therefore be in agreement with the botanical 
considerations (absence of annual rings, luxuriant growth, etc.) which leads 
us to suppose that the palaeozoic plants of the Coal Measures lived under 
tropical conditions. There seems no objection therefore to our concluding 
from the anatomy of the Coal Measure plants, that they were members of a 
tropical swamp forest. In all probability this was a fresh- water swamp. The 
lower forms of vegetable life, the spore-bearing Calamites and Lepidoden- 
draceae were specially adapted to root under water, while the more highly 
developed forms, particularly the seed-bearing members (Pteridosperms and 
Cordaitales), were less aquatic and perhaps normally rooted in drier peat. 
Most of the plants, whether aquatic or terrestrial, were considerably modified 
for drought resistance, which might indicate a high percentage of humic acid 
^ Koppen, W. and Wegener, A, Die KlimoM d&r geologiscJien Vorzeitf 1924, 
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in the substratum and also a certain degree of 'dryness tlie a.! 

any rate at certain periods, either of the day or the year. 

But though I venture to put forward these conclusions hasiM! on a sf inly 
of the anatomy of our Coal Measure' plants, and tlumgli they arc in tlie iiwin 
in agreement with the views of other palaeobotaniHts, I woulii !ikf‘ to cm- 
pliasise that there are features connected with many of these plants whiih 
call for further investigation, and I would emphasise Biadt's remarks witli 
which I commenced my address that these plants still oifer a. wide and 
promising field of research from the point of view of their physioh^gira! 
anatomy. 



THE VEGETATION OF THE FOREST OF WYRE: 

A PRELIMINARY ACCOUNT^ 

By E. J. SALISBURY. 

Wyee Forest, on the borders of Worcestershire and Shropshire, is one of the 
larger areas of natural woodland still remaining in Britain. But, though it is 
still possible to traverse over five miles of almost continuous woodland from 
Bowles, on the east, to Cleobury Mortimer, on the west, or nearly five miles of 
woodland from Coppice-gate; on the north, to Burnt Wood, on the south, yet 
this large tract is a mere remnant of its former extent. The Forest of Wyre is 
indeed but a fragment of that large forest area which even in Roman times 
gave its name to the military settlement on the south of the forest (Wyre- 
ceastre, the modern Worcester). There is considerable probability that within 
historic times the area now designated Wyre Forest or the Forest of Bewdley 
was almost, if not actually, continuous with the great forests of Ombersley 
and Malvern on the south, Morfe on the north-east (also called the Forest of 
Bridgenorth), Kinver on the east and Clee Forest on the west. In making 
this statement the fact has not been ignored that these were forest areas in 
the purely legal sense which only implied an area of waste land in which the 
right to hunt was reserved to the Crown^. That all of these areas were however 
forests also in the modern usage of the word is shown by numerous present- 
ments, Court Rolls and other similar documents. The wooded nature of the 
surrounding country in times past is indicated even at the present day by a 
number of small scattered woodlands and a few large ones. Of these latter 
Ribbesford Woods on the west bank of the Severn south of Bewdley, Eyemore 
and Arley Woods to the north-east of that town, and the woods adjacent to 
Kinlet Park belong properly to the Wyre Forest itself. In the reign of 
Henry III the portion of Wyre Forest in Worcestershire alone, was about 
four miles in breadth^, and a survey of 1608 states that the part known as 
Bewdley Park contained 4142 timber trees of which considerably more than 
half were more or less decayed. In the adjoining area of Morfe, Ranulf Earl 
of Chester sold no less than 1700 Oah trees between the years 1216 and 1223^. 
This number of large trees is small having regard to the probable area involved, 
but there is documentary evidence that even at this date much of the oakwood 
in this area was treated as coppice: thus the survey cited above gives Fecken- 

1 The substance of this account was communicated to the meeting of the British Ecological 
Society at Birmingham, December, 1923, on the occasion of a visit to the Forest. 

^ Of. Cox. Uoycd Forests, 2. 

® Cf. Victoria County History of Worcestershire, 2, 318. 

* Cf. Eyton. Antiquities of Shropshire, 4t, 215. 
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ham and Wyre Forests as containing 38,-iUO timber trees ami ilCxt acres of 
coppiced 

The causes of the rapid destruction of timber up to the, present day are 
not far to seek. Coal as a fuel was not lused to any e.xtent for etmuneree uiii ii 
about 1700, but from quite early times brine was evaporated at Droit vueh. 
where the salt pans consumed some 6000 loads of wotnl j>t‘r amiuiu'^ and large 
quantities were also consumed by the iron smelting in the Htoiirbridgti dist ricf . 

The present wooded area occupies high ground sloping towards the f>ev<Tn 
on the west and traversed by the deep valley of Dowles Brook separating the 
Worcestershire and Shropshire portions. The ground rise.s stee[»iy on either 
side of Dowles Brook, attaining an altitude of over BHt feet on the north and 
over 600 feet on the southern hmit near Callow Hill. 

Geologically practically the whole of this area is situated on the .Middle 
Coal Measures consisting of sandstones, shales and iron, stone.'! vvitli .swt-id, 
coals®. Towards the northern edge near Button Oak there occiirH a tiarrow 
band of Spimrbis limestone and further north a small area of wiMHlIaml 
occupies soil of Upper Coal Measure origin. The jletached area.s near Cleobiiry 
Mortimer^ Ribhesford Woods and Egmore Wood, are all on t he ( 'oal MeasurcH, 
the last named with Spirorhis hmestone. 

This brief description shows that the wooded area occupies for the most 
part comparatively steep valley slopes on a soil derived almost entirely from 
non-calcareous rocks. Such is the typical habitat of Querctm wmiliptm ijj 
this country and it is therefore hardly surprising that over almo.sf, the wlmle 
of this area Q. sessilijlora is not only the doniinaiit tree but is often putsent 
in almost pure stands. 

. Several areas, such as Mowley Wood near Cleobitry Mortimer, parts of 
Ribbesford Wood and Chamberline Wood, are high forest, but for the most 
part the woods arc coppiced on the compartment system with approximately 
a 16-18 years’ rotation. Each area is clear cut except for a few seeding trees. 
In the high forest measurements showed the distance between standard.s te» 
vary from 15 to 70 feet. 

The following measurements of trees whoso age was estimated from the 
number of annual rings, shows the rate of growth to bo somewhat mon* rapid 
than is usual .on a good site, and further emphaswos the suitability of the 
habitat for Q. seisdlijbm. According to Hchlich® the mean iliaim-ter of oak at. 
90 years in a first class location is just over M inches, whilst at ;s<> ycar« the 
diameter is just under 4| inches. Other types of forest trtmtmcnl are also 
met with in which there are two ages of coppice, the general m,atri.K beitig <m 

1 Cf. Victoria History^ 318. ,, 

® Cf, Victoria History of IF orcmhnMr^ 

3 Of. T. C » GaatriH, i OoMribviim to c# ^ Wyte f uwl CmiilcU, K 

1895 . 

« This wood in timoa p«l support*^ W CE Eyt 0 », 4, 1113. 

s Man-wd of Jowlff i 3, 344 
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a shorter rotation than, the more sparsely scattered oaks treated on a long 
rotation. The larger coppice steins are used for pit props, the smaller cord- 
wood (1-4: inches) for the large industry in charcoal, and some of the smaller 
branches suitable for rent-oak are the raw material for oak baskets. 


Diameter 

Age 

Average increase 
per year 

(in.) 

(yrs) 

(in.) 

2 

16 

0-125 

5 ~oi 

32 

0-164 

7i~U 

34 

0-272 

20 

85 

0-235 


This mode of breatment of the oak as coppice has a marked effect on the 
character of the vegetation and almost certainly retards the natural edaphic 
succession, besides presenting different phases in the ebb and flow of marginal 
species which comprise so large a part of the flora of newly coppiced areas^. 

The soil of Wyre Forest presents a thickness of raw humus varying 
according to the lapse of time since the last ‘" cut.” For example, in a recently 
cut area (ca. 3 years) there was practically no litter and the soil was about 
30 per cent. bare. In another area with 7 years’ growth the raw humus had 
an average thickness of about an inch, whilst the humus layer under stands 
of 16 to 19 years’ growth, varied from a fraction of an inch to over 2 inches. 
The underlying soil is mostly sandy or sand followed by a sandy clay resting 
on rock at a depth often not exceeding 2 to 3 feet. 

Soil analyses show that there is for the most part a very low calcium 
content and the reaction of the surface soil is generally markedly acid. At 
the edges of streams, however, the reaction may even be slightly alkaline, and 
by Dowles Brook and some of its tributary rivulets calcareous tufa, occurs. 
The slope of Seckley Wood leading down to the Severn is occupied by beech- 
wood, which Lees, writing nearly half a century ago^, regarded, and probably 
rightly, as planted. Nevertheless, we find here a relatively high proportion 
of calcium and a type of vegetation containing species characteristic of 
calcareous soils. 

Wyre Forest, from its situation on a mass of nearly uniform rock subsoil, 
affords an opportunity of studying the differentiating action of the progressive 
leaching of the soil (the rainfall is about 25 inches per annum), whereby the 
higher parts have become extremely poor in bases, especially calcium, and 
present an acid reaction; whilst the lower slopes, towards Dowles Brook and 
the Severn, are enriched by the salts leached from above and present soils 
which are relatively mild in reaction with a more basic type of flora. This is 
illustrated alike by the tree, shrub and herbaceous vegetation. 

Although Q. sessiliflom is the only oak on the higher parts of the forest 
Q, robur (and Q, robur x Q. sessiliflom) is found towards the foot of the slopes 
and on the alluvial flats. Here too occur Ulmus montana^ Prunus avium, 

^ Of. Salisbury. This Jotonal, 4, p, 112 and 6, p, 40. 
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Fraxinus excelsior, Popnlus tremula Ainu s ^h, linos,,, of whicli fh<> 

three are particularly associated with non-acid soils. 

Apart from Q. sessilijlora the only common tree is Bel oh, olho. Her 
aquifoUum, Pyrus aucuparia and P. lormhmlis are all occasionally present, 
and sonaetimes locally frequent, whilst a striking feature, as in so manv of our 
vrest&xn Q. sessihflora woodsh is the pre.sence of sparsely scaffered frees of 
Taxus haccata. 

The shrubs and undershriibs also show^ a relarion to the dilffTerK‘e in the 
soil o,n the slopes fed by percolation water from «al)c>ve. In the liiglier fwirts 
Vaccinium myrtilluS is ■ often abundant, .whilst other ‘Viileifiige*' Hpefif*s 
present are CaMuna mdgaris. Erica cinerea^ Ulex niinar a!id SrirnikamHu^^ 
scoparius. By contrast, Ooryliis mellana, though by no means absent above,, 
beconaes frec[uent on the lower slopes and here also occnir Hnmhuvm uiffra^ 
Euonymus europaeus, Ligustrum xmlgaM, Eliamnm eathfiriinm atnl, c»veii 
Clematis vitalba. 

The generally ‘V.alci,fuge’’ character of the main body of Wyre Fort‘„st is 
sufficiently indicated in the herbaceous flora by the abumlanee of Difpialis 
(and Oalhina seedli,ngs) after coppicing and also the frc<|iienfy of 
mollis^ Hypericum puMirmn^ Hnlidmio-virganreay Pyrola sjip., !, inula pikm, 
Aira flexuosa^ TriodiaCdemmhen^ Pteridium aqmlinum and BMmnm spimut. 

The following . species characteristic 'of the foot of the slrijw^H siiflifieiitly 
illustrate the contrast. 

Arum maculatum (f.c.), Allium ursinum, Adoxa mmckitcilifm (!.), Ajiiga 
reptans, Astragalus ghjcypliyllos (r.), As]>erifh nixmtn, (.Hremu hUeliaun ff,e4. 
Campanula traehelium (r.), Ficuria x^ema (f.— f.c.), QakiMuhm hiteiim (o, «* f.), 
Qalium crudatum, (r.r.), GeAm urbamifu, Laihraea Mqmmaria (r.), Mmurmlis 
perennis (c.— -a.b.), Millixm effmum, Meliea nutam (!.), Ncjuia gMmma, 
Paris quadrifolia, Pmjmellu major, Rammmlm aimcomns (r.), Snih 
nutans (1), and Sanicula efuropaea. 

In addition the following ‘"ealcicole” species have been recordiMl froiii 
Wyre: Vida syhatica, Geranmm sanguinmm, Imia mmiza, fVirhhiii mlymis, 
CMora perfoliata, Gentiana amarella, G, eampesfris, Bpiranlkes aufumnalis, et4% 
It may perhaps be evidence of continued leaching that some of these af^pe.ar 
to be less common than formerly. 

The herbaceous vegetation of an alluvia! flat bordering the north fiaiik of 
Dowles Brook, which was examined by Mr Tansley and the writer, is cHseiithitly 
that of a Qnereus robur wood and Q, smdliflora wemd eomtdried, atid indeed 
both species of oak are there met with. 

The comparatively low rainfall, the iteepness of the slopes and tlif‘ sandy 
character of the subsoil combine to produce a very dry soil which is reflected 
in the poverty of the flora over large areas. The coinparativi^ ricliinc'^s, both 
in species and individnak, of the lower nh^ md alluvial Hats as csuiipared 
i Cf. Salisbury ami Tlite 0. p. lU Pi II 
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witli the crests of the ridges, is probably largely determined by the difference 
in water content. But the absence of calcicole species from the higher parts 
of the forest, species which normally flourish in dry locations, indicates that 
reaction is an important factor in influencing their distribution. The humidity 
factor may be responsible for the much greater frequency of Frullania dilatata 
and F. tammisci on the trunks in the valley. 

The density of the ground flora is largely determined by the phase in the 
coppicing rotation as it affects the light intensity. Determinations showed 
that during the light phase of a recently-cut area the intensity might be 
73 per cent, or over at the ground level. In 16-year-old coppice this was 
reduced to from 50-66 per cent., whilst in old high coppice the light intensity 
was only 35 per cent, or even less, and the ground flora very sparse, even with 
respect to pre vernal species. 

In parts of Eibbesford Wood under high forest, where the light intensity 
is low and the water content moderately high, a mossy vegetation occurs, 
recalling that characteristic of many Quercus sessiliflora woods in North Wales 
(dominant mosses : Dicmnum scoimHum, Mnimn hommn, Polytrichmn for- 
mmmi, Hypmmi cupressiforme). 

Luzula maxima occurs as a local dominant in its characteristic situation on 
the “ flush slopes above the Severn. 

It is in agreement with the generally acid character of the soil that the 
molluscan fauna of the wood floor is very poor. On the other hand, the 
cryptogamic flora, with respect to the higher fungi, the mosses and the liver- 
worts, is rich. 

The following liverworts occur and are characteristic of Quercus sessiliflora 
woods in general: Aplozia crenulata (var. graaillium) {c,)y Cephalozia bicus- 
pidata {t), Calypogeia trichomanis (f.), C. flssa (o.), C. arguta (r.), Diplophyllum 
albicans (c.), Fossombronia pusilla, Lepidozia reptans, Lejeunea cavifolia (r.), 
Lophozia mntricosa, Lophocolea hidentata (c.), L, cuspidata, i. Jieterophylla^ 
Nardia scalaris, Plagiochila asplenioides (c.), Scapania nemorosa (1), Tri- 
chocolea tommiella (1.). A striking feature of the hepatic flora is that several 
species usually associated with the subalpine region have been recorded from 
Wyre Forest, though of rare occurrence there^. These include: Marsupella 
emarginata, Aplozia riparia, Plagiochila spinulosa, Lophozia quinquedentata 
and Blepharostoma trichophyllum, Madotheca platyphylla, a species especially 
frequent on calcareous soils, is not uncommon in the valleys. The rare occur- 
rence of Bazzania trilobata is of interest, as this species is often a striking 
ieiitiiTB in iiphnd Quercus sessiliflora 'wood^. 

One of the most striking features of the Wyre Forest, and especially well 
shown also in Eibbesford Woods, are the numerous old ''hearths'’ where 
charcoal has been burnt. 

These "hearths” are of all ages from blackened areas devoid of vegetation 
^ Of. Amp!hlett and Hea. Flora of Worcestershire* 
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tlirongli a succession of phases culminating in a thicket of slinibs and 
It is especially on these areas that seedling trees develop, a fact to wliifli 
attention has been already called and which can be forrelated witli the 
alteration in the character of the surface soil. 

Examination of soil samples, taken from a one-year-old hearth showed a 
slightly alkaline reaction, the average hydrogen-ion cone<mtratio!i kdiig /dl 7-2. 
The total carbonates averaged 0*35 per cent, and the soil gave a iiiarktHl 
nitrate reaction. 

The soil just around this hearth (sampled to the same depth~~CI»3 indies) 
showed a slightly acid reaction (pH 6*1) and the carbonate content was only 
0*10 per cent. Also the nitrate reaction "was slight. A second lieartli, judged 
to be about two years old, was slightly acid in reaction (pH 6*1), whilst 
surrounding soil was markedly acid (pH 6*6). The total carbfmates in the 
hearth soil ranged from 0*12 to 0*19 per cent., but the siirrouiiding soil yielded 
only 0*01 per cent, or under. This hearth, moreover, showed a marked nitrate 
reaction, wdiilst the soil of the wood around gave practically no such rear lioiu 

A similar relation was found to obtain between the soil of the heart^h and 
the surrounding woodland in lamples from ' Ilaye Wood, near Ludlow; and 
Haugh Wood, south of Hereford. 

The conditions then on an old heartlnare probably favourable in several 
respects, namely : 

(a) Absence of competition, 

(b) Lowered acidity. 

(c) Increased carbonates. 

(d) Increased nitrates. 

Similar advantages may accrue from coppicing^, which also frac|iieiilly 
results in the production of areas suitable for eolonkfitiofi. But llioiigh tlie 
relief from competition pressure may be as great m on a hearth the edapliic 
changes are not nearly so marked and it is therefore significiiiit of advert* 
edaphic factors that regeneration on old hearths is much more marked than 
on coppiced areas. 

' The early stages in colonisation of a hearth are fre(|iiciitiy marked by an 
extraordinary profusion of Marehmtm jmlfmorpki, Fnmma Jiiftfnrmelfim, 
Cerafodon pfrpnreuw and sometimes IMem kmtm. Other R|)t.eies of frei|ii«it 
occurrence are Oardamine himifa, Cermiium trimde, EpiMdmn (imimiifkiifm. 
Fragaria vema, Ilgperimim humifmum, Lmuh pihm, mmmM^ 

, Prunella vulgaris, Hagina frommhms and fmmiem ifffglliftdm. 

In older phases Befula seedlings are sometimes abundant and oak aiwl 
willow seedlings occur, together with an increasing nurolier of wi>r'«llaiicl filiint 
But the more calcicole character of the hearth vegetalkm is evident, even in 
old examples where Sanieuh mmpam md similar 8|iecic» may mxw, tlioiigli 
absent from the surrounding vegetaMom 

i Cf. Salisntiry* W 0 Mwmm, % p* 40* 
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In the coppiced areas Pteridium aquilinum and Holms mollis sometimes 
share dominance, but other species which are often very common or even 
abundant are Air a flexuosa, Calluna vulgaris (seedlings), Digitalis purpurea, 
Qalimn saxatile, .Hypericum, pulcliruwb, Luzula pilosa, Ruhus fruticosus agg., 
Vaccinivm myrtillus A,iid Veroniea officinalis. In coppiced areas towards the 
base of the valleys, however. Lychnis dioica and Galeohdolon luteum may 
become conspicuous as in Quercus robur woods. 

Mosses are often conspicuous features of the recently-cut areas, notably 
Catharinea undulata, Dicranum scoparium, Hypnum cupressiforme, Mnium 
Iiornum and Polytriclmm formosum,. 

The headwaters of the smaller streams present a “flush” vegetation in 
'wYdc]! Ranunculus repens, Lysimachia nemorum, Gardamine flexuosa, Ajuga 
reptans, Circaea lutetiana, Chrysosplenium oppositifolium, Lychnis dioica, 
Nepeta glechoma, Vlmmia palustris, Veronica montana, Allium ursinum and 
Carex pendula are all of common occurrence. The last named in particular 
recalls the flush society as met with in the Quercus sessiliflora woods on the 
May Hill Sandstone of the Malvern area and is indeed a feature of this type of 
woodland. 

It has often been stated that Q. sessiliflora is less subject to the depreda- 
tions of Tortrix viridiana than its congener owing to the slightly earlier 
development of the leaves in Q. robur. Though probably true in the main 
it may be noted that in 1918 Q. sessiliflora in Wyre Forest was badly attacked 
by the larvae of this moth. 

The appended list of trees, shrubs and undershrubs, though probably not 
complete, gives a general idea of the composition of the upper layers of the 
vegetation. 


List of Trees, Shrubs and Undershrubs recorded from Wyre Forest, 


Acer campe8tre {m YsXiQ)y), 

„ pseudo’plat^us {1. Buh-B^^OTLtm.&om). 

Alnm glutinosa (1.1 by streams). 

Betula alba (f. — ^l.ab.). [The abundance of this 
species and the rarity if not complete absence 
oi tvm B. puhescens recalls the conditions in 
the May Hill Sandstone woods of the Malvern 
arcah] 

Calluna vulgaris (r. — ^l.ab.). 

Clematis vitalba (1. near Dowles Brook). 

Coryhis avellana (r. — f. especially on valley 
slopes). 

Crataegus monogyna (f.). 

„ oxycanthoides. 

Erica cinerea, 

„ tetrcMx. 

Euonymus europaeus (valleys r.r.). 

Fagus syhatica (h). 


Fraxinus excelsior (1. especially in valleys). 
Hedera helix (r. — l.f.). 

Ilex agui folium (o. — ^1.1). [Often killed by deer 
and rabbits.] 

Juniperus communis (r.). 

Ligustrum vulgar e (o. in valley). 

Loyiicera perichjmenum {i.c.—r.T,). 

Fopulus tremula (t,). 

Prunus avium (t. — ^1.1). 

„ cerasus. 

„ domestica. 

,, insititia, 

,, spinosa. 

Pyrus communis, 

„ malus (var. acerha and mitis) (r.r. — 1.1). 
Quercus robur (in valleys). 

„ sessiliflora (ab. ) and hybrids in valleys. 
Phamnus catharticus. 


^ Cl Salisbury and Tansley, l.c. 
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Rhammis fmngula {he, — ^r.r.). ^(irothamnm se^panm {e.}, 

Buhis fruiicosus agg. (o. — v.c.). The following Rorhm miu ( v.r.). 
segregates have been, recorded : i2. aumparla {o.), 

mUicauUs, pnhescms^ macrojyhyUuSf pyrami* »» 
daliSf Bahimytonih ericetormuy Blommih hngi’ Tiiia parmplia (r* 
thyrsiger^ foUosus, rosaceus, dmyphylhis, Taxm hmeala 
Bellardiii hirhis^ caesius. Uhx galUi (o.-—!.!,). 

Buhus saxatilis, « minor (r.). 

Balix mrita. Ulmm ntordami {hi.) m \ Gilley n, 

„ . caprea (r.). Vaccinium myrtiilns 

„ cinerea.] Vihirmm opiilHs, 
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NOTE ON THE EDAPHIC SUCCESSION IN SOME DUNE 
SOILS WITH SPECIAL REFERENCE TO THE 
TIME FACTOR 


Br E. J. SALISBURY. 

{With two Figures in the Text.) 

From the examination of a large number of samples from successive dime 
ridges on Blakeney Point the writer was able to demonstrate, [a) the pro- 
gressive leaching of the carbonates with increasing age, (6) the passage from 
an alkaline to an acid condition, and (c) the progressive increase in the organic 
content. It was moreover shown that these changes were accompanied by- 
changes in the flora which, broadly, consisted in diminution of calcicole 
species and the advent of calcifuge types In the Blakeney area the age of 
the successive dune ridges can only be inferred (except in the case of the 
youngest) from their relative position and it seemed therefore desirable to 
find some dune area where the respective ages of the dune ridges could be 
ascertained with a reasonable degree of accuracy. For this purpose a visit 
was made to the Southport dune system. 

The ages of the ridges in this dune system have been assessed partly by 
the examination of old maps (e.g. Speed’s map of 1610, the Bold Estate map 
of 1736) and descriptions. In this way it has been possible to fix the approxi- 
mate age of certain points and to establish the average rate of advance of the 
dunes on this coast. Secondly, the very early arrival of Salix repens in the 
hollows between the dune ridges makes it possible to utilise the number of 
annual rings in the thickest and oldest axes as a check on the estimates. In 
connection with the documental evidence I would record my indebtedness to 
the Public Library officials of Southport, whose help was ungrudgingly placed 
at my disposal, and to the authorities of the British Museum Library, also to 
W, Ashton’s admirable book. The Evolution of a Coastline. 

The area chiefly examined was the dune series extending from Mad Wharf 
to Pormby Golf Links and Freshfield. 

The youngest ridge (a) on the sea face consisted of embryo dunes scarcely 
coalesced, and colonised by Triticum junceum and Psamma (Ammophila) 
arenaria. The latter appears to be the later arrival, as is to be expected from 
its less halophytic characteristics. This ridge was estimated to be about two 
years old. 

^ Cf. Salisbury, E. J. “The Soils of Blakeney Point: A study of soil reaction and succession 
in relation to the plant covering.’' Ann. Bot. ZB, pp. 3^1-431, 1922, 
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Tlie second ridge (h) was slightly higher than the first and bore an almost 
pure growth of very dense and vigorous Psamma. The crest was aljout. 32 y<ls. 
distant from ridge (a) and probably represented a formation of about four 

years earlier. 

The ridge (c) was probably about 14 years old, an<l thougb 
abundant it is clearly not so vigorous as on ridge (b). Other species were now 
conspicuous, notably Fcstucd dvcifKwiQ,^ CjiTsiuw (iTVPUSf^ iJ, huu'PdldhofK 
jacobaea, Euphorbia paralias and Carlina vulgaris. The last is <|uite frci|ueiit. 
and its presence in this early stage is noteworthy in view of its calficole 
tendency and the high calcium content of the early dune phases. 

Between this ridge and the ridge (b) there is an interval of about 57 yds. 
in which is a very narrow “slack’’ occupied by Salix rejms, but with a con- 
siderable amount of bare ground between, and evidently in an early stage of 
colonisation, perhaps representing about three years’ gro^^th. 

Ridge (d), about 25 years old, was separated from (c) by a well <levelo|M*d 
“slack” in which the very common Salix repens is accompanied by Pammsia 
palustris (c.), Pyrola rohmdifolia var. arenaria, Glaux miritima (v.c.b Saghm 
nodosa, Carex arenaria, G. oederi, Hydrocofyle vulgaris, lianunrulnH Jiumrmdu, 

J uncus lamprocarpus, Eleocharis 2 y(dustris, Euphrasia nemorosa and Mrntka 
aquatica. The ridge itself bore abundant Psamma, but somewhat iinheiilthy 
in appearance. Here one noted the much greater frequency of the Carline 
Thistle and in addition to the species of ridge (e), Rumex crispus var. IrigrunU'' 
latus. Euphorbia portlandica, Cynoglossum vulgare, Viola emdna, lAdm eortii- 
culatus, Leontodon autumnalis and Hieradum umbellahmL 

Ridge (e) is the highest dune ridge and is probably alxmt 55 years okh 
Psamma is still abundant but more unhealthy in appearance than tm ridge (d). 
Additional species encountered in this stage were Rubus cmsim (La.), thumis 
repens, Sedum acre, Luzula sp., and numerous plants of (Mom 'iftr/oiddn. 

In the older slacks, particularly near their margins, several usually calcicole 
species occur with some frequency, notably Geniiana eam]>eslris, G. mmirelbh 
Linum catharticmn and Chlora perfoliata. Still more striking is the fact lliat 
in addition to the common Epipaetis palustris several orchids occur iii 
wet slacks, such as Spiranthes autumnalis, Orchis pyrmnUlalis, etc., whicii we 
elsewhere associate more particularly with dry chalky pastures. 

The oldest dune phases are mere remnants in the n€ighbourhcM>tI of Lrc.sli 
field and Oloven-Ley-Dale, which, though serving for soil compariscm, oc^f^iipy 
too small an area to permit of a typical vegetation being develofXMl 
them. Most of the older dunes have been taken into cultivation tir olhcrwistt 
interfered with by man. On some of these remnaiitiS however Cdimm litii 
developed, witnessing to the' calcifuge trend of the iuccessioti. It is c.Hlitnatofl 
that the Calluna patch examined repr^n^ a dune foraial aliout. 2B0 years 
ago. The planting up of the dunes' with pum hm to some iiiterfereil 

with the succession from ridge (#) to'.tib oM»l phases. A study u! tlie Uhk 

, , ' ' ' i 
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Table I. Analysis of dune soils, Southport. 



Approxi 

mate 

Hydrogen- 

ion 

concen- 

tration 

Carbonate content 

Dune ridge 

yrs. 

pH 

% (as CaCOa) 

(a) ... ... 

W 

C) - 

{cT} ... ... ... 

id') ... 

(e) 

2 

8-2 

5*6 -6*7 

Av. 6*3 

6 

8*2 

3*6 -4*5 

Av. 4*15 

14 

8*15 

2*2 -3*54 

Av. 3*17 

'25 

7*8 

1*9 -2*5 

Av. 2*35 

29 

7*6 

2*72-3*5 

Av. 3*10 

55 

7*8 

2*1 -3*2 

Av. 2*5 

if) 

100 

7-2 


Av. M4 

(g) Nr. Cloven-Ley-Dale 

200 

64 


Av. 0*2 

{%) Nr. Fre&lifield 

270 

6*8 

0'04-l*0 

Av. 0*33 

(^) Nr. West Lane ... 

280 

6*8 

0*14-1*2 

Av. 0*50 

{j) Heather Dune 

280 

5*5 

0*03-0*19 

Av. 0*09 


Loss on ignition % 
corrected for COg 


0*126 

-0*762 

Av. 0*528 

0*18 

-0*492 

Av. 0*335 

0*67 

-0*70 

Av. 0*68 

0*314-1*09 

Av. 0*70 

0*53 

-0*74 

Av. 0*63 

0*81 

-0*95 

Av. 0*88 

3*60 

-4*50 

Av. 4*00 

2*2 

-3*2 

Av. 2*70 

2*79 

-3*06 

Av. 2*92 

2*83 

-2*90 

Av. 2.86 

4*4 

-25*7 

Av. 15*0 





Southport dunes 


|<6ys])H5*2L 

Udurs. 5**5 

l^H 76 

X, 


|55ys.]>H7*5 

lOOys. |>H V-d 


>H6*5 


JlOOjjrs.|5H6*4 270, 





Fig. 1. Bate of leaching of calcium carbonate from dunes. 


will however show that, except for ridge {d') and the dune near Cloven-Ley- 
Dale, there is with the progress of time an increase in the hydrogen-ion concen- 
tration. At first appreciably alkaline, the dune soil becomes neutral after the 
lapse of something over a hundred years and, after the passage of another 
century, the soil has become appreciably acid. The dune at Cloven-Ley-Dale 
still bore very sparse Psamma arenaria, though clearly very unhealthy and 
probably on the verge of extinction; it is therefore not perhaps without 
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significance that tlie pB. vake, viz. 64, is only slightly less acid, thm 
at BlakeneyToint {pB 64-6-2), where also the Marram grass appears t.i lie miiy 
just persisting. The dunes at Freshfield and near West J.aue arc* (mti! tiscil 
more or less as meadowdand and this slight amount of human iiitfuhu’ciif c 
probably accounts for their reaction being rather less acid than might In- 
expected from their age. The OgMum dune, though only a rmnnant, Ih'cii 
obviously left untouched and the reaction here corresponds with the higlie.st 
acidity realised on the Blakeney Dunes (cf. Lc. p. 424). 

The average carbonate content shows a continual decrease with age (Fig, I), 
except for these same dunes (cZ'), (h) and (i). The early phases have ii (‘oiitent 
of calcium carbonate, that is, over fourteen times that of the einbryo duiit^K at 
Blakeney (0425 per cent.), but in comparing the rate of leaching in the two 
areas the much lower rainfall on the east coast as compared with tin* west 
must be taken into consideration. In both areas the rate of leaching is at 
first rapid and then falls off as the amount of carbumite ratlwr limn tln^ 
amount of rainfall becomes the limiting factor. 1.iie number of ytaim tlmt the 
main ridge at Blakeney has been subjected to leaching is pr<dmb!y abouf 
and in this interval of time the surface soil would appear to have h^st alwuit 
20 per cent, of its carbonate content. Comparing the mtdisturbed dunes {ffj 
and (j) of the Southport system, we find a loss in the same ifitfu'vnl of tirm* of 
55 per cent., starting with about half the carbonate content. If now Wf* 
compare (c) and (/), giving a similar interval of years but starting wit h t| very 
much higher content, the percentage loss is 64. The rate, of leacliifig in the 
early stages, will clearly be influenced by a number of factors cd whiidi by no 
means the least important is the nature of the eommiimted shell fr»giin*iit». 
If the carbonate content depends on' the presence of few largt^ fragiiieiiis tlu* 
surface will be small in comparison with the volume, and the rate of leatiiiiig 
will be slow, but if the same volume be represented by niiraeroiis small frag- 
ments the rate of leaching will be rapid. Even if the partichvH were splwuiciil 
the diminution in surface as leaching proceeds would of course bi‘ proporttoie* 
ately much less than the, diminution in the volume, but many of the partich» 
; are flattened so that whereas the volume of carbonate diminislies rapidly the 
surf ace acted upon undergoes but little change. Whilst the number of sain pies 
obtained from, each age of dune' do not warrant the assumption of a liigli 
degree of accuracy, yet it is significant in this connection that the nmM 
percentage loss calculated ,for the later periods shown below are of the Haiiic 
order of magnitude. 


{aHh) 

(6Hc) 

{cHd) 

{dh(f) 

UHg) 

(ghU) 


Period 

Mean aiwwftl lews 

yre. 

■ w ■ ■ 

■ , /o - 

a- 6 


6- 14 


14- 25 


2&-100 

0*6S| 

100-200 

0-S2 

200-280 
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If we make tlie not unwarrantable assumption that tbe intervals between 
tbe Blakeney dune ridges are approximately proportional to tbe intervals of 
time between tbeir formation we obtain tbe following values : 

Years % Rate of leaching 

5 - 80 0*25 

80-160 0-67 

160-235 1-06 

235-340 0-63 

It is at once apparent that the rate of leaching is at first very different in 
the two areas, being about 0*72 per cent, per annum at Southport during the 
period corresponding to 0*25 per cent, per annum at Blakeney, but despite 
this discrepancy in the early phases we find that in the later stages the rate 
of loss in proportion to the amount of carbonate present is very similar in 
the two areas, showing that the carbonate content and not the rainfall limits 
the rate of leaching. Making due allowance for the approximations on which 
these data are based it seems probable that the rate of leaching in the later 
stages is mainly determined by the amount of carbonate present even in 
different dune systems; a suggestion which, if true, implies either that the 
particles in old dunes generally assume such a shape that surface and volume 
diminish approximately in the same proportion, or more probably that the 
greater part of the carbonate is contained in vegetable remains. 



The organic contents at Southport show increase with age, the only out- 
standing figure! being that for ridge (/), where the abnormally high value 
for the position in the series is doubtless due to the proximity of a pine 
plantation. Compared with Blakeney the values are high and the rate of 

^ The higher figure for ridge (a) than for ridge (6) is no doubt due to the fact that in embryo 
dunes the organic material is mainly derived from drift and not from the vegetation in situ. 
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increase is also more rapid (cf. Fig. 2), features possibly associaU'd uiMi the 
higher rainfall. 

The chief difierence in the dune soils of the two areas would appear t» he 
the low calcium content at Blakeney and the much higher content in fliis 
respect at Southport, a difierence which is reflected in the fre.pient preM'in e 
of calcicoles in the latter area, often in some abundance, and their absence, s.. 
far as typical representatives are concerned, from Blakeney. As the writiT 
has already pointed out^, many plants characteristic of chalk or limestone 
soils in this country probably prefer calcareous soils on account of the physical 
conditions, but their absence from Blakeney, where the rainfall is lower, 
indicates that chemical rather than physical differences are involvwl. 

This is perhaps even more emphasised by the fre(pieucy of (Jhhm 
perfoliata, Carlina vulgaris and Gentiana campestris, in some of the wet 
“slacks” at Southport. Analyses of the soil from these shows that though 
the water-content and other physical properties are very difliweth. from tho.s(> 
of the dunes bearing a calcicole vegetation, yet they agree in the presence of 
a high proportion of calcium carbonate, as is shown by the following data: 

Dune Slack, Ainsdale {GMora perfoUakt, c.; Inida congza^ OeMitmi CmUmi 

ywZf/am): CaCO^ 1 •46-13*9, 7*5-7*d. 

Young Slack, Freshfield: CaCOjj 1*40-2*6 |>H 7-2. 

Old Slack, Freslifield {CMora perfoliata, Qentkm cmtqmsirk, mmmkk: 

CaCOg 3*05-3*7, 7*5. 

The higli calcium content in the old slacks, as compared with the low content 
of the old dune ridges between which they lie, is of course comiwrablc to Hit 
contrast between the, soil conditions on the summit of a wooded ridge iiiicl lit 
its foot^. 

As we have seen, Southport dunes' have a much higher calciiiin content 
than those at Blakeney, but the figures, for the former are miicti siirpwed 
by, those obtained from dune samples taken at Whitford Burrows in B. Wales. 
Here the yellow dunes yielded a. carbonate content of from lb8 t4i jMW 
cent, and the older phases 3-2 .per, cent. With such high values it m not mir- 
prising that calcicolous species are frequent, amongst those present where thv 
soil samples were taken being: CkifUna vulgaris, Genimmt VMum 

fperfoliata, Linum catJiarticum, Polygala oxypkm, (krumam 
Lithospermum officinale, Rabus caesius and EcMum tmlgare] the (jalitiistle 
moss Camptothecium lutescens. 

On the young dunes at Borth-y-Gest in N. Wales, where calcium carboiuite 
contents of from 1-0 to 1-8 per cent, were obtained, then; wen- pn.-Mud. ii.h r 
alia, CarUna vulgaris, Linum cathartieum, AidhgUis vulttiiratin and hrigrrott 
acre. Some way inland sandy soil occurs with Spirantim autammlis and 
Geritiana campestris, so that it seemed probable that we here had a« example 

1 “Thesignifloanoeof theoaloioolottshalA” 

2 Cf. SaMsbury , E, Uf 

to Leaching." This Joumtal, 9, 230-40, im. 
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of these normally calcicole species persisting on an old leached dune soil. 
Analysis showed, however, that the carbonate content was still as much as 
0*3 per cent. Whether the maintenance of so high a content in a dnne of 
presumably considerable age is a consequence of a high initial content or of 
rejuvenescence consequent upon differential wind action^ we have no means 
of deciding, though the low values for the early phases examined support the 
latter alternative. 

Samples of sand from dunes at Bundoran (Donegal) for which I am 
indebted to Mr Diver, show a much higher carbonate content than any 
examined from this country, probably due to the presence of large numbers 
of shells of Helix nemoralis whose comminuted fragments become incorporated 
with the sand. The average carbonate content of all the samples was 11*4 % 
with a minimum of 9*0 % and a maximum of 16’9 % . The high values, even 
in samples collected some distance from the shore, point to the possibly 
great importance of mollusca in retarding the process of leaching. 

The data here presented show that the initial condition in dune soils 
exhibits a wide range of variation as to carbonate content, the high values 
being associated with a vegetation rich in calcicole species. But whether 
rich or poor in calcium initially the soil becomes very impoverished in this 
respect after a lapse of about 300 years and during these later stages the loss 
still continues at a fairly uniform rate of about 0-6 to 0-8 per cent, per annum, 
almost the whole of this calcium being probably present in the decaying 
organic matter. 

All the dune areas of which soil samples have been examined support the 
view put forward by the writer that natural undisturbed soils in these latitudes 
tend to become more and more acid, to have an increasing organic content 
and a diminishing supply of available salts, of which calcium salts are the 
first to become markedly low in amount. 

1 Gf. Salisbury, E. J, “Soils of Blakeney Point,” lx, p. 396. 



NOTES ON PHOTOGRAPHING VEGETATION 

By E. PIGKWORTH f ARROW. 

The pEeaomena associated with natural vegetation are usually extremely 
complex and itds very difficult to describe them at all adeciuately in words. 
Photographs, however, give a realistic pictorial representation of the vege- 
tation and on this account they are invaluable when dealing with and describing 
tlie vegetation of any district. 

The writer has had a good deal of experience in photographing vegetetioii 
for scientific purposes and by attention to some of the points mentioned in 
the following notes the percentage of successful results has been raised from 
about 30 per cent, to about 95 per cent. It is therefore thought that the ideas 
mentioned may be useful to other workers in this direction. 

Notes on Apparatus. 

A. Tlie Camera. 

Type. The most suitable kind of camera for this sort of work m probably 
the ''Folding Pocket” type. The fact that the hinged basebtnard coriipletely 
covers and protects the lens and shutter and the bellows from injury and dirt 
when the camera is closed is a great advantage of this type of eameni, iitid the 
type is extremely light and also compact when closed alnl, if made entirely 
of metal, it is very strong. 

Size. The most suitable size of camera is probably tlie j-plate, as tins 
size is sufficient to show detail well in contact prints and is just I he right 
size for making contact lantern slides from portio.iis of tlie negatives. The 
apparatus and material in this size are also relatively cheap and light to carry 
compared with the larger sizes and the plates arci obtainable almost evt^ry- 
where — anyhow, in the British Isles. 3|- x 2| inches is too small to show 
detail well enough in contact prints and 5 x 4 inches apparatus and materials 
are more costly and heavier to carry. LightneBs will be found to bo very 
important if the apparatus has to be carried about much for photugrapliing 
the vegetation of extensive districts. For the above reasons | -plate is probali! v 
the most suitable size of camera for this kind of work. 

Extension. It is essential that the camera should have double exi.onicm 
to the bellows and a convertible lens in order to be able to phofograpli ntsir 
objects on a large scale, or full size, by using the complete lens, and large 
' views of distant vegetation by using the single coinponeiite of llm lens. 

Lens. Any lens which will give good definition all over the pkto at f. 8 
can be used for vegetation photography m it. m but seldom that a larger 


330 


Notes on Photographing Vegetation 

aperture than tlie above is required. It is, however, advisable to use an 
anastigmafc lens, especially if the results may subsequently be required for 
blockmaking or for lantern projection, as these processes bring out the im- 
perfections in an uncorrected lens. If the camera is also to be used for the 
purposes of general photography it is a great advantage to have an anastigmat 
lens working at f. 6 for photographing moving objects in dull weather. There 
is not so much point in having a lens working at a larger aperture than f. 6 
on an ordinary |-plate camera owing to the small depth of definition and the 
resulting difficulty in focussing. The most generally suitable and convenient 
focal length for the lens on a I'-plate camera will be found to be about 5| 
inches. The lenses in the single components should be cemented so as to have 
as few air-glass reflecting surfaces as possible inside the lens, since these 
result in loss of light and diminished rapidity for a given aperture and blurring 
of the finer detail in the resulting photograph — particularly in the shadows. 
The mounts of most modern lenses have been reduced to the minimum size 
for the sake of portability, and it will be found a great advantage to use an 
attachable lens hood since this cuts off a large amount of extraneous light and 
makes the resulting photographs far brighter than they would otherwise be. 

Shutter and Release. Quite a simple shutter will do for photographing 
vegetation provided that it has a good '‘bulb” release. It is, however, a great 
advantage for the mechanism of the shutter to be completely enclosed in order 
entirely to prevent the possible ingress of dust and sand when travelling. If 
the camera is also to be used for general purposes it is a great advantage to 
have a high speed sector shutter such as the "Compound^,” "Velosto’' or 
"Koilos.” In any case it is essential to have a flexible release attached to the 
shutter in order to reduce the vibration when making the exposure. 

B. Accessories. 

Stand. It is necessary to have a good strong stand for the camera. Wooden 
stands are preferable to the telescopic metal tripods, as they are usually much 
stronger and more rigid and sand is apt to get between the telescopic tubes 
of the latter and spoil their working. Also telescopic metal tubes are liable to 
be dented and become unworkable. It is a good plan to have a |-plate camera 
stand for a | -plate camera, as it is stronger and taller and gives a more natural 
viewpoint. The writer has found the " Jaynay” stand very satisfactory. The 
camera can be rotated independently of the stand and the sliding lower legs 
are useful for adjusting the height of the camera without moving the stand. 

Slides. Single metal slides are probably the most simple and convenient 
devices for carrying the plates. When using these there is less risk of con- 

^ The latest model of the former “Compound” shutter is called the “Compur,” the chief 
difference being that the latter has a mechanical regulating mechanism instead of the air brake 
regulating mechanism of the “Compomid,” thus avoiding the slight irregular variations to which 
air brake mechanisms are apt to be subject. The “Compur” may be stated to be the finest 
“botwecn-lens” shutter obtainable. 
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fusion and double exposures than with book-form dark slides. If .lesired one 
can carry only a few of tbe slides at a time, thereby reducing the total weight 
of the apparatus, but it is necessary or at least advisable to have at ieust one 

dozen slides for most purposes. 

Plates are more suitable than films for photographing veget ation as they 
are obtainable in a much greater variety of speeds and in various ortho- 
chromatic qualities. Possibly, however, if one were travelling in distant lands 
the greater lightness and portability of films might outweigh the above- 
mentioned advantages of plates. 

Case. A good strong camera case with long shoulder straps is tMeential 
for carrying the camera and slides and for protecting them from injury in 
travelling. 

Ofthochromatic Plates and Screen. With ordinary plates the vartoiiis shades 
of green of difEerent kinds of vegetation all come out a fairly uniform dark 
colour in which it is difficult to differentiate the different colours of the various 
kinds of plants. This can be avoided by using orthocliroinatic plates and a 
yellow orthochromatic screen and, on this account, such plates md an ortho* 
screen should always be used in photographing vegetation in unler to show up 
the various shades of green and enable one to differcuitiate the different kinds 
of plants. Another advantage of using a yellow ortho-screen is that it largely 
cuts out the blurring effects of bluish mist in the distance, aiitl renders the 
distant vegetation far clearer than it would otherwise appear. 

It is better to purchase an ortho-screen which increases the exfKjfsiire five 
times rather than an eight-times screen because a fiv64iinei sertMin in 
conjunction with simple orthochromatic plates is sufficient for most purposes 
and does not increase the exposure so much, and it can be used In eonjuiictioi 
with self-screened varieties of ortho-plates for obtaining the effect of a tea- 
times screen if it is desired to secure still greater differentiation in the green#. 
It is. a good' idea to- have a small pocket for .the screen etitch.e«l iiiskk the 
camera case so that the screen is always handy and with the camera and is 
never forgotten and left at home. 

Exposure Meter. It is very advisable to get into the habit of always using 
an exposure meter for determining the exposure as the employment of 
secures a much greater uniformity of success. Exposure calcubdors which 
depend on time of year, time of day, kind of sky, ete., are unreliable (esperiaJly 
when travelling abroad) and it is greatly preferable to use an exposure r 
in which the required duration of the exposure is determined directly by the 
time of exposure required to darken a specially sensitised actimuoctc.r pa.|H/r 
to a prearranged tint. 

It is also preferable to use an exposure meter in which the two terii|M>rwt!y 
unalterable factors, viz. speed of plate and ktensity of light arct set ofpmkm 
one another on the scales so that one can md off the corresponding value# of 
the two voluntary variables— viz. Mze of diapkagm and duration of expi»it» 
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—directly and can decide wMcli diaphragm and wMch exposure to use 
according to the circumstances without having to reset the scales of the 
exposure meter which is necessary on inferior types. The ‘"Wynne” Hunter 
type meter and the “Imperial Exposure Meter for Bright Light” are both 
very good. In any case some kind of actinometer is essential or at least very 
advisable. It is the chief thing in photography and after using an actinometer 
one would never be without it. 

Notes ojst Procedure. 

Loading Slides, It is advisable always to shake and dust the dark slides 
very carefully before loading them up with the plates. Especially if one is 
using very rapid orthochromatic plates be very careful to have a ruby light 
and not to expose the plates to ifc any more than necessary. 

Photographs of vegetation may subsequently be required for making half- 
tone blocks and it is very desirable that they should be as far as possible 
perfect and free from scratches right up to the margins. On this account 
one’s fingers should be very clean before handling the plates and as far as 
possible they should be handled only by the edges. This warning applies 
especially when loading single metal dark slides which are often more difficult 
to load than those of the book form. 

Cleaning Camera. It is very advisable to dust and clean and adjust all 
the parts of the camera and to dust and clean the inside of the bellows and 
the inside of the camera case before starting out on each day’s photography. 
It is very surprising how quickly dust, small plant fragments, fern fronds, 
sand, etc., can collect on' and inside the camera and camera case. If one 
knows that all the parts of the camera and apparatus are perfectly clean and 
in good order before starting out for the day, one’s mind is at rest about these 
matters and this is a great encouragement to turn out good work. 

Viewpoint, When something is met which it is desired to photograph great 
attention should be paid to finding out the most suitable viewpoint from 
which to take the particular subject so as to show as much as possible, and 
give it in as good a perspective, and on as large a scale as possible. The camera 
lens should be placed as far as possible in a normal position and direction 
which a human eye would occupy in viewing the object being photographed 
as this tends to give the most natural effect. Objects look very different on 
the focussing screen however from what they do with the naked eye and on 
this account the final selection of the viewpoint should always be done, not 
by using the view finder, but by viewing the object on the focussing screen. 
This process is rendered much easier if the camera is mounted on a stand and 
on this account, as well as for other reasons, all photographs of vegetation, 
even if snapshots, should be taken if possible on a stand. 

Focussing, After having selected the most suitable viewpoint focussing is 
the next thing to do. This is best done at the full aperture of the lens, focussing 
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on tlie principal portions of.tlie subject and using a diferential metliod, 
i.e. rack tbe camera out slightly until the image on the focussing screen jiisi 
becomes blurred and then rack it in until the image becomes clear and tlieii 
just equally blurred again and then take as the correct one tlie [wwitirm 
approximately intermediate between these two extreme positions. 

DidphTctgwi and Exposufe. After having selected fclio most suitable 
point and focussed the next thing to do is to determine the most suitable 
diaphragm and exposure for the given make of plate and intensity of light by 
consulting the exposure meter. 

In determining which diaphragm and exposure to employ a good nilc to 
follow is to US6 ds SMdll d didpIiTdgM UfS postsihls, although tfiis neccHsitiites 
inGreasing the exposure. The advantages of using a small diapliragni in pliotcc 
graphing vegetation are immense — any ill effects of slight errors in fociwsiiig 
are enormously reduced and very great depth of definition is secured, slicHiing 
up the near and distant vegetation equally sharply. The advantiigea of equal 
sharpness of near and distant vegetation is especially great if it is suhsef|iienily 
wished to make lantern slides. The writer generally employs f. IV2, f. If» and 
f. 56. The only thing which may prevent one from iisiiig a very small stop is 
that the vegetation may be moving owing to being blown about by wiiiti 
but the above advantages of using a small stop are so great that it is especially 
advisable to select as far as possible a calm day for this work. 

PrepdTdtion for Expomre, After having detenninecl the best st^qi aiwi 
exposure, attach the ortho-screen-" to .the lens, multiplying the exfMwiire 
accordingly. 

After this, the next thing to do .is to afieml mo^i earefallf/ fo ihe 
This is especially necessary if one is using a rather complif-iitcfl sector shutter 
such as the ‘'Compotmd” or ‘'Compur.’'’ It is very annoying t4i t.liiii one 
has withdrawn the sheath of the dark slide l)efore having closcfl tin* sti utter 
after focussing or to make the exposure for a small sktp liaving lorgotteii to 
close the diaphragm from full aperture, Tlierefore attend very carefully the 
shutter and set the diaphragm to the prearrange<l value. 

As fairly small apertures and an ortbo-Hcreen are being lined ^hor^ in- 
stantaneous exposures will seldom be employed and the shutti^r will usually 
be worked either at ‘‘time*’ or ‘^bulb,” It is much Natter t<i get* into the habit 
of setting the shutter at ‘^bulb” as this caus^ the shutter to elose frmti tim 
open ‘‘time” position used in focussing and obviates the risk of wiflu I rawing 
the sheath of the dark slide with the shutter still open. Anotlu^r lu I vantage 
of always using the shutter set at “bulb” with a flexibh^ release is that thefi‘ 
is much less vibration than with the double impulse requirtnl for a time 
exposure. Shutters usually work much more gently in the “bulb positJoiu 
Also when the shutter is being used at “bulb” it is bfsing coiitroHed iiiiicii 
more definitely and directly by the mind and hand and one knows iiiwdi itiore 
definitely whether it is open or clmed at any inttatit. This m a great advantage 


334 Notes on Photographing Vegetation 

wlien making a divided exposure in case a gust of wind interrupts tke period 
of exposure required. After setting the shutter it is a good plan to sight along 
the edge of the baseboard of the camera and notice the spot where this pro- 
jected line falls on the vegetation in front before placing the dark slide in 
the camera and withdrawing the sheath, so thab, in case the camera has been 
slightly rotated by the latter processes, it can be gently set back to its original 
position without again examining the focussing screen. 

The dark slide is placed in the camera and its sheath gently withdrawn. 
As photographs of vegetation are often taken in brilliant sunlight it is advis- 
able to form a habit of always covering the rear portions of the camera with 
the focussing cloth in order to prevent the possible fogging of the plate by 
any internal leakages of light. 

Making the Exposure, The apparatus is now ready for making the exposure 
and in case it is a gusty day it is a good plan not to be too impatient and make 
the exposure quickly but to ivait until the wind stops. If one makes the exposure 
quickly during wind it often appears to happen that a period of great relative 
calm follows immediately after the exposure has been finished. By waiting 
some time, if necessary, before making the exposure the annoying element of 
chance in this respect is reduced and there is a greater likelihood of a short 
calm period intervening. 

For measuring the exposure when using an actinometer it is greatly pre- 
ferable to obtain scientific precision by using a stop watch, but if these do not 
happen to be available it is useful to know that the period required to count 
one-two- three-four-five-six-seven-eightmine'’ very rapidly represents ap- 
proximately a second. One’s rate of counting can previously be carefully 
standardised by comparison with a watch and the required number of seconds’ 
exposure can be given by carefully repeating these numbers at the uniform 
standardised rate and ticking off the respective seconds by bending down 
one’s fingers until the required exposure has been given. 

An advantage of this method over exposing by means of a watch is that 
one can keep one’s eyes on the vegetation which is being photographed all 
the time during the exposure without having to look at the watch, and in 
case a gust of wind commences to move the vegetation the exposure can 
immediately be stopped (especially with the shutter used at ‘"bulb”) and can 
be resumed and interrupted again for the necessary period after the conditions 
have calmed down. 

If this method of counting seconds is used for measuring the exposure it 
should also be used for measuring the time required for the exposure meter 
paper to darken to the required tint, for any factorial error which might 
otherwise be introduced into the exposure thereby cancels out and an almost 
exact exposure is obtained. 

Correct exposure is, as is well known, probably the chief point in successful 
photography. Especially when photographing vegetation in which detail is 
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required in the greens it is advisable to over-expose slightly rather than iitider- 
expose, for most plates have a fair amount of latitude; and although a slightly 
over-exposed negative takes a little longer to print it will eventually give the 
required detail, whereas an under-exposed negative will nev(w give re» 
quired detail and is comparatively worthless. After having made the ex|>u.^ure 
immediately introduce the sheath into the dark slide, and at once witlidmw 
the latter from the camera and place it carefully in the camera case. 

A.ft6T the ExposuTc. It is very advisable to treat dark slides containing 
plates (especially exposed plates) extremely gently and carefully, for after 
plate has been carefully exposed it is difficult to estimate liow valuable a 
negative may subsequently be produced from the contents of the dark slide. 

It is very important to have some method of indicating whether the 
contents of a dark slide have been exposed or not. With some slides this can 
be indicated by putting the sheaths in the reverse way round. Other slides 
have tablets attached to them for noting whether the contents have been 
exposed or not. Slides can also be kept in different compartments or kept 
apart by a dividing arrangement to indicate whether they are exposed or not. 
In any case it is most important to have a reliable method of fiifferentiatirig 
between the two classes. It is also strongly advisable always to keep the slides 
in their proper numerical order as this helps to avoid mistakes. 

After an exposure has been made, it is usually better to remove the cftiaera 
from the stand, place the ortho-screen in its pocket and fold the mmerii up 
and place it in its case rather than carry the camera exposed on its stand in tin* 
expectation that another photograph will quickly 1>6 require^!. If the camera 
be carried exposed on its stand in this expectation it will often happen that a 
long distance will be traversed before another photograph is requirtsl and in 
the meantime tlie exposed apparatus may get damaged. 

It is a good plan to write the above processes out briefly a car«l in the 
proper order and keep it in the camera case for a time and get into th:* habit 
of performing the various details in a fixed order like a machine by cmeV 
unconscious mind, so that uniformity of success and meclianitml certainty in 
one’s photography is secured and the conscious mind is eventually left entirely 
free to occupy itself with those important matters whiefi cannot he deall with 
automatically, such as the selection of the subject ami the selection the 
viewpoint. 

The exposed plates can be developed in the evening after tlie clay’s wf^rk. 
It is advisable to develop plates as soon m convenient after exiN>Hiife and if 
is a good plan to develop exposed plates fairly frequently, espciiilly wlicii 
travelling, so as to make sure that the photographic a|iparatiis is working 
perfectly and that correct exposures are being given for the iliffereiit kinrirt of 
subjects and so that the exposure factors for different kinds of stilijeci-s can 
be slightly varied if considered advisable, for this purpose it is a good plan 
to make previous careful notes of the light and eipcwiira, ete., wkcii mrk 
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pliotograpli is taken. Bnt notes on the ratio of these two factors are not so 
necessary when using the scales of an actinometer exposure meter, and it is 
sufficient to record the respective ratios of the exposures actually given to 
ones indicated by the meter. Small ruby lamp attachments are obtainable 
for fitting to the small electric pocket fiashlamps which are in common use 
and these form extremely handy and useful dark room lamps for plate 
changing, etc., when travelling. If one is using panchromatic plates, green 
safelight paper is obtainable and can be fitted inside the flashlamp case over 
the bulb. 

Keep to one hind of Plate, It is most advisable to stick to one make and 
speed of plate and one kind of developer as far as possible, as non- variation 
in these factors greatly helps to secure uniformity of success. Red does not 
usually enter largely into photographs of vegetation and panchromatic plates 
which are sensitive to red as well as to the greens and other colours are not 
worth the extra trouble and expense over good orthochromatic plates and 
there is the added difficulty in developing them. It is very advisable always 
to use backed plates as these give clearer horizons and are frequently necessary 
in woodland photography where high lights and strong contrasts often occur 
at the sky portions. It is very advisable to employ ortho-plates of very rapid 
quality as these enable one to use as small a diaphragm and as short an 
exposure as possible. The exposed plates must be fully developed so as to 
bring out all the detail in the greens, but they must not be over-developed or 
the contrast will be too great. 

Developing, It is advisable to use the factorial method of development 
with solutions of known strength at a known temperature and the “time of 
development” factor can then subsequently be slightly varied as this is 
considered advisable. Probably pyro soda is on the whole the most satis- 
factory developer and it can be carried in powder form when travelling — or 
to save time in dissolving powders a concentrated single solution developer 
can be used diluted to a known strength. 

Printing. The above notes are solely concerned with the production of a 
high percentage of first-class negatives. Good negatives are the most funda- 
mental requirements in successful photography and from them good photographs 
can be obtained by many difierent printing processes, and good lantern slides 
can also be made from them, whereas from poor negatives no printing process 
whatever will give good results. For ordinary contact photographs, probably 
bromide papers are the most convenient printing media, but for the subsequent 
production of half-tone blocks good prints by the old-fashioned silver printing 
out process — now almost obsolete — are probably unequalled. 
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